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TO THE LORDS OF HER MAJESTY'S MOST 
HONORABLE PRIVY COUNCIL. 

My Lords, 

In obedience to the Pablic Health Act, 1838, 1 have the 
honour of herewith submitting to Your Lordships, for presentation 
to Parliament, my Report of the proceedings which Your Lordships 
under that Act directed to be taken during the year 1867. 

I am^ my Lords^ 
Your Lordships' obedient servant, 

JOHN SIMON. 

Medical Department of the Council Office, 
8, Richmond Terrace, S.W. ; 
March 31si, 1868. 
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I. — The Administration of the Diseases Pheveniion Act. 

Tlie Dieeases Prevention Act, whicli in tlie summer of 1866 Lad ) 
been put in force by Her Majesly'a Government on acconnt of tlie i 
(lill'usJon of Asiatic Cliolera in England, was kept iji opeiTition '' 
throughout tlie whole yeiir 1867 by successive Acta of the same 
authority i and my Lords of the Council, on ench ol the iiulf- 
yearly occasions when the Act waa ordered to continue in force, 
provided that also the Medical Relief Regulations of 1866 (as 
uiven in App. No. b of ray lost imnual Report) ehonld continue. 
Those regulations, for their first iBsue, had been carefully bo coa- 
slmcted ihat their renewal from time to time should not make any 
further claim on local authoritiee for trouble or expense, except 
in so far as new outbreaks of cholera might ari^e; and, subject to 
this conditiuD, it appeared better that the Regulations should con- 
tinue in force, ready for immediate application to any such out- 
break, than that risk should be run of emergencies perhaps to arise 
after ilieir lapse. Fortunately the year 1867 passed without any 
noticeable repetition of the epidemic experience of 1866. In ihu 
slate of the case a further continuance of the Ke^ulations seemed I 
unnecessary, and at the dale of my present wiiting the Diseaso ' 
Prevention Act has ceased to be in force. 
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III 1867, as in previous years, my Lords superiniended the I 
Public Vaccination of England; iucludiDg(l) the proceedings of 
local autlioriliesand officers in that matter; and (2) the establishment 
by which the national supply of vaccine lymph is miiinlained; and 
(3) ihe arrangements which give effect to the Order of Council 
re^ulaliiig the qualifications of public vaccinators. 

1. District-Inspections, and Awards to Public Vaccinators 
In superintendence of local proceeding, my Lords during the 
year provided lor the inspection of 1,651 vaccination- districts com- 
prised in 336difi'erenl unions or parishes. The system, described 
in my last report, for awarding to meritorious public vaccinators 
certain payments in addition to those which are claimable by them 
from their respective boards of guardians— payments, namely, out 
of a special fund granted by Parliament for this purpose, had 
now come fully inio operation : not indeed hitherto with the 
definite statutory sanction (30 & 31 Vict. c. 84) which at 
present regulates it, but with provisional authorization from the 
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ItoiicAL Treasury: and on this system my Lords during the year distributed 
wficbr's 1,824/. amoDg various vaccinators of Eaglaad. The number of 
vaccinators to whom gratuities were given was 231 ; namely, 61 
who received firat-classj and 170 who received second-claas, gra- 
tuities. The gratuities of eacli class differed of course very con- 
siderably in money-value in difFerem vacciriaiion-distiicts, just aa 
the several contract-earnings differed. Where a public vaccinator 
was having so few vaccinations as to be only earning from his 
board of guardians some 20^. or QOs. a year, the snjjpTementary 
payment by the Privy Council was necessarily quite insiguiScant 
as money, and, except that it implied an honorable recognittOQ 
of services, might not have seemed worth the trouble of formal 
transmission and acknowledgment; but, on the other hand, in 
many cases the payments were such as probably to be in them- 
selves welcome additions to the often scaniy stipends of the reci- 
pients. The largest aggrefjate payment of the year (a second-class 
gratuity on 2,021 vaccinations) was 67/. 7s. 4rf. ; the smallest 
(a second-class gratuity on 23 vaccinations) was only 15*. 4d. It 
may be observed that if these had been first-class gratuities, as I 
hope they may be in future inspections, the lespeciivt; amounts 
would have been \Oll. Is. and 1/. 3s. 

My Lords during the year had occasion to correspond specially 
with the guardians of the unions of Tisbury, Sheppey, Dartford, 
Hendon and Lewisham, with regard to outbreaks of smallpox 
reported in those jurisdictions respectively; and in one of these 
cases (tiiat of Sheppey) local inquiry by one of their Lordships* 
inspectors was made. 

2. Supply of Vaccine LynipK 
In answer to 13,240 applications made during the year 
for vaccine lymph, there were supplied under their Lordships' 
orders 131,480 charged ivory points, 2,460 charged squares of 
glass, and 8,107 charged capillary tubes. Particulars as to the 
sources whence this lymph was derived are given in Appendix 
No. 1. Of the 13,240 applications, in answer to which lymph 
was given, 10,434 came frommedical practitioners {including 1,420 

Toor law medical officers) in England and Wales; 1,633 from 
reland, and 455 from Scotland; 428 from the army; 116 from 
the navy and emigration-department ; 119 from colonies, and 55 
from diplomatic and other foreign services. 

My Lords, as usual, look means during the year to satisfy 
themselves as to the undiminished efficiency of the lymph which is 
supplied under their directions. The only change which took 
place in 1867 in regard of the London stations of the National 
Vaccine Establishment consisted in the appointment of Mr. 
W. E. G. Pearae to the Tottenham Court Chapel station in place 
of Mr. George Simpson, deceased. 

3. Educational Vaccinating Stations. 

Of the twenty-one stations which are sources of national lymph 

supply, thirteen are used as educational stations under tlieir 



Lordships' Order ofDecembpr 1st, 1859, concerning the qualifi- MmwcAt. 
catinn of contractors Tor public TaccioatioD. And IJr. Scaton, lift^t'a 
while inspecting these stations in reference to their stock of lymph, 
inspected them also in reference to their educational busin<*ss. In 
this second respect, as in the former one, his report was entirely 
satisfactory. 
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III. Inquibies and Actions in other Matters. 
The proceedings of the Lords of the Council in 181)7, in tli»t o/A^r /nJ 
general relation to the interestsof the Public Health in which the ,/airies 71 
Act of 1858 appoints their Lordships to stand, were, as unoally, of oocasionil c 
two sorts. In the first place iheie were proceedinj^s of an essentially 9}Bi«minic.1 
occdjtona^ sort, with reference to particular outbreaks or threaten- 
inge of disease diiria}:; the year, or to particular complaints which 
bod been made of dangerous nuisance in various parts of the 
country ; and in the second plaee, there were proceedinfjs of an 
essentially tffulemntie sort, forming part of a plan of work which 
goes on connectedly from year to year. And of these two sorts of 
proceedings the following were the main facta. 

I. Occasional Proceedingt. 

On numerous particular occasions where complaints of tlie state OccMionil In- 
of districts were made, or where outbreaks of endemic disease 1"^**- 
had occurred or were apprehended, my Lords during the year 
had correspondence, which wan for iho most part wiih local 
authorities, with regard to the administration of the Nuisances 
Removal and other common sanitary Acts. The authorities 
thus corresponded with were 113; including the 76 nuisance 
authorities of Wales, 10 of the vestries and district boards of the 
metropolis, 10 boards under the Local Government Act, and 
14 boards of guardians. 

In three of these cases, namely, in regard of Winterton in 
Lincolnshire, Guildford in Surrey, and Teiling in E-scx, local 
inquiry by an Inspector under their Lordships' direction was 
deemed necessary: these being the chief cases in which in 1867 
a prevalence of typhoid fever conatiluled the matter of com- 
plaint. All three cases were in substance such as I have 
again and again reported on, as illustrations of excreniental 
poisoning; and this filthiest chapter in the history of our pesti- 
lences is one which I would gladly consider myacif exonerated 
from re-opening on the prespni occasion. Aa regards those 
for whom primarily my Reports are written — the makers and 
administrators and olScers of sanitary law iu England, it roay 
seem superfluous that 1 agnin proceed to iltusirate in some deiail 
the dependence of typhoid fever on conditions which it is dis- 
gusting to speeifiy. But while the evil continues— while annually 
in Enj^land some fifteen to twenty thousand persons are killed, and 
perhnps twenty times that numlier grievously sickened and endan- 
gered, by a disease which solely prevails through the pollution of 
atmosphere end drinking-water with excrement, the subject 
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cauldnot properly be set aside, unless Legislature and Government 
had already quite exhausted their powers in Trultless endeavours 
against the evil. I venture to believe that audi is not the case; 
and purposing presently to invite judgment on this question, I 
Bhall briefly state here the leading facia of each of the three epi- 
demics, and for furtlier details append the reportfl of ihe inspectors 
who made the local investigations. See App. Nos. 2, 3, 4. 
ir i. The little town of Wintehton in Lincolnshire, having a 
population of about 1,800 persons, had for the last seven years 
been almost always suflering more or less from the presence of 
typhoid fever, and for the last two or three years the disease had 
been of great local importance. Sometimes it was more in one 
part of the town, sometimes more in anotlier. In 18fi5-6 It par- 
ticularly attacked a group of 35 houses at the west end of the 
town; and here, within the twelve months, out of 145 inhabitants 
100 contracted the fever, and 17 died of it ; or, in other words, 
those 145 inhabitants suffered in that year from the one pre- 
ventable disease as many deaths as a potmlation seven times as 
great, in fair sanitary circumstances, is expected to suff'er^rom eUl 
diseases and accidents put together^ Early in 1867 typhoid fever 
was agaiu prevailing in large proportions in Winterton, bat chiefly 
in another part of the town; and when their Lordships' inspector 
was there in April, there had been 55 new cases, and among them 
already 6 deaths. The cause of all this terrible sickness and 
mortality was of course evident to their Lordships' inspector at a 
glance. It was the merest question of filth. "The epidemic 
prevalence of fever in Winterton," he writes, "la undoubtedly to 
be ascribed to the disgraceful state of the privies, cesspools, ash- 
pits, and wells Given, the existence of typhoid fever in a 

town, ii is hardly possible to conceive conditions nioie favourable 
for its spread than these existing at Winterton." Extracts wliich 
I append from his Report (App. No. 2) contain copious details 
in support of the above conclusion. The conditions described are 
Buch as probably even the swine in the town may have suffered 
from ; and it deserves notice that the scene of this disgraceful 
sanitary neglect was a town which four years previously had 
adopted the Local Government Act. 

ii. The epidemic of typhoid fever at Guildford was peculiarly 
instructive. Guildford is not ordinarily quite exempt from 
typhoid fever; and during the first twenty-eight days of laat 
August 10 such cases had been seen scattered about in the 
town ; when suddenly within the next thirty-tliree days there had 
arisen fully 250 cases of the disease, and of this large number 150 
had arisen within a fortnight. The distribution of the disease, 
especially during the first fortnight of the epidemic, so nearly cor 
responded in area with a particular section of the public water- 
supply of the town as to raise the strongest suspicions that this 
section of the water-supply was at fault. And eventually these 
suspicions became a certainly. First, namely, it was shown that on 
one particular day in August (about ten days before the begin- 
ning of the outbreak) 330 of the 1,675 houses of Guildford had 
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txteptionallt/ received their water from a certain high-service MEtiicut, 
reservoir which had been previously filled from a new well ; and OrrictB' 

that ihe persons residing in or frequenting these 1(30 housfe con- ' 

elituted the part of the population on which the epidemic influence 
had almost exclusively fiillen. Subsequent chemical examination of 
the water of the new well detected in it the products of organic 
decomposition ; and examimttion of the local circumstances showed, 
but loo unquestionably, whence ihe decomposing organic m^itter 
had been derived. The new well, no one could doubt, was most 
dangerously situated : in ihe porous and fissured chalk-stratum, 
it was within ten feet of various sewers ; one of which indeed was 
traversed, as a short cut, by tlie iron delivery-pipe of the liigh 
service. And when, after the epidemic, this reckless confusion 
of sewer and water-works was dissected, the state of tilings found 
at the spot, was reported to us in the following terms by Mr, 
Taylor, one of the Poor Law Medical Officers of the toivn: — 
*' The engineers employed in the repairs of the steam engine 
noticed some exudation on the wall of the engine house next 
the alley where the aewer runs, and the pit of the fly-wheel 
contained a notable quantity ot the same. As the exudation had 
the smell of sewage, thegroimd was opened in the alley at a point 
adjacent to the engine house, Tlie sewer was found leaking in 
various places, and the soil between it and the wall of the engine- 
house was saturated with sewage, of which as much appeared to 
run outside as inside the sewer. This was found to be an old- 
fashioned I'2-inch drain conslructed with red unglazed gutter tiles, 
with butt joints and common mortar. The tiles foiming the lower 
half of the cylinder were in places completely worn away, and at 
one point several feel of them were missing, and the upper tiles 
had fallen in upon the soil below. All the joints gave exit to water, 
and the ground was a quagmire of filth beneath and on each side. 
Dark coloured fetid slush had to be dug out and removed in bas- 
kets, making the men vomit who were employed in the work.'' — 
There of course could not be any reasonable doubt but that the 
passage of this filth into llie well, from which ihe high-service 
reservoir was filled, had been the cause of the epidemic. Mr, 
Taylor further informed u.s that the whole number of deaths 
from ("ever up lo the end of the epidemic was 21, inchiding three 
or four who died in other districts after removal from Guildford; 
and that he roughly computed the total nurabtr of cases of fever 
from August to December at 300. 

iij. The epidemic at Terlino, in Essex, was one of extraordinary Typhoid fei 
dimensions. In that village of only 900 inhabitants, and for the '" rerlinR. 
most part within a period of two months, fully 300 pcrsor.s were 
attacked with typhoid fever, and 41 of the number died. Tliat is 
to eay, the one preventable disease killed in that short time a 
larger proportion of the population than all causes of (Ie:ith put 
together ought to have killed there in two years. 'ITie condnions 
which rendert'd possible this most calamitous visitation of disease 
were, aa in all our other experience, conditions of local filth. At 
Terlin^ such conditions were at tlieir worst. Round wliai prclends 
to be the house^ccommodation of the tillers of the soil in Terling 






12 

(a scanty overcrowded Bapp!y of dwellings oF the meanest descrip- 
tion) every possible source of potltuinn for air and water 
accumulated ; tlie peculiarly porous soil which underlay all this 
fiitii was of course continuously absorbing it ; the water-supply 
of the popnlaiion was derived fmm wells, most of ihem sunk in 
that excrement-soddfn sponge of earth ; some ten days before 
theoulbreakof the fever, after an extraordinary period of drought, 
a eudden great rise in the waler-levei of the wells was observed; 
and lliia of course denoted a long-delayed scouring of that foulest 
soil into the water-supply of the now poisoned population. The 
epidemic incidentally deserved and received, for ulterior reasons, 
very particular scientific investigation; but my reference to it In 
this place is exclusively for pract cal purposes. Tlie filth which 
did so enormous an injury to human life, existed under definite 
legal responsibility. The Nuisance Authority of ihe place (the 
Board of Guardians of ihe Wilham Union) had most grossly 
neglected its duty. My Lords, in deference to what ihey believe 
to be the intentions of the Legislature, felt themselves bound to 
allow the Lociil Authority very ample opportunity even for tardy 
action; but when it became obvious to ihcm that no sufficient 
use was l>eiiig made of this opportunity, and that to spend further 
time in remonstraling witii the Board of Guardians would not 
consist with due regard to human life in the district, tlieir Lord- 
ships judged it necessary to move Mr, Secretary Hardy to put in 
force the compulsory provisions (Sections 16 and 49) of the SanI- 
tary Act, 1866. 

StaWofthclavr I have already intimated that except for an imtnedinte practical 
Mtocompoisa- purpiige 1 should not have thought it necessary ngnin to eive in 
injuTBd under ""^ "• "^7 annual reports Bucn extremely disgusting details as are 
the Kuieancra here stated (partly in my lust paragraphs, and still more fully in 
AcU,&c. (jjg appendeil reports of the inspectors) withregard to the local 

circumstances of our three chief fever-epidemics of 1867, But I 
have to raise a question which seema to me of the very utmost 
importance for the future sanitary progress of the country. And 
for the purpose of my argument I must refer to those three cases 
as types. They illustrate perfectly, but without any trace of 
exaggeration, the circumstances under which alone Typhoid Fever 
is empowered annually to kill so many thousands of our population, 
and to prostrate for months at a time so many scores of other 
thou.^ands. Nor is this all. When cholera from time to time is 
among ua, and its victims, during the short while of its prevalence, 
are counted in quick-succeeding thousands, like the slain and 
wounded of great battles, the circuraBtancca of that pestilence are the 
same. The laws of its contagion in this country are substantially the 
laws of the fever- contagion : always there is the one story of filth : 
" excrement -sod den earth, excrement-reeking air, excrement- 
tented water, these are for ua the Causes of Cholera."" Now the 
point which I to some extent raised in my last report, as concerning 
the legal responsibilities of malfeasant water companies, is one to 
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whicli X cannot but revert in connexion with our late GuildforJ 
experience : though now under ulighlly diHVrent circumetnoces, fur 
on this particular occasioo, ae it happen?, the water wofi purveyed 
by a local board. But the question which I am anxious now to 
raiae is of very much larger scope than that formerly touched upon. 
It seems to luc that the time has now come, when, not only as re- 
gards commercial water-companies, but also a» regards local sanitary 
authorities, certain sorts of malfeasance should involve an ohvioua 
and unquestionable liability lo pay pecuniary damages to persona 
whom the maifeasance has injured. I am not quolifieil to say that 
some liability to this effect may not at present be latent in our 
law: but I believe thut at least it lias never hilberto been 
judicially defined or affirmed: and it is evident thnt in this state 
of the case years may elapse before any a>!grieved person, 
unless unusually rich and public- spin ted, will be willing to 
incur considerable legal costs in testing his so doubtful cldm to 
redress. 1 venture to submit that in this point of view the sanitary 
rights of the public are but very imperfectly secured, and tliat 
explicit le^slalion in the matter seems to me greatly to be desired. 
The effect of such legislation would be that wbnt I may call the Jutd 
and ^mslied parts oi e&mtary sc'teacc, as distinguished from ihoea 
which are in any degree uncertain and speculative, would very 
rapidly become ordinary rules of conduct in civil life. In cases of 
aUc^ed sanitary wrong, courts of law would have the facts ia 
evidence before them; and judges and juries would determine 
whether wrong (in legal sense) had been done, nnd would assess the 
pecuniary damages in proportion. 1 would invite attention, in 
thia point of view, to the three cases which ure above reported. 
Apart from legal eubtillies, on whicli I am not competent to 
speak, it seema that the distribution of fouled water by the Guild- 
ford Board (regarded for the moment as a wnter-company).ia aa 
proper a case for judge and jury, on action for damages by any of 
the 500 people who had typhoid fever in the town, as any cnse In 
which a rail way -collision brings some scores of paseengei-s into 
harm ; nnd the fact (as I believe it to be) that these water pur- 
veyors gave typhoid i'ever to their customers would bo brought 
home to their consciences, and be suggested aa a waraing to other 
water-purveyors, in a fur more conclusive and effective manner by 
such legiil proceedings as I suggert, tlian it can be by any depart- 
mentnl statistics and remonstrances. Again, oa regards the epi- 
demics at Winterton and Terling:^under 29 & 30 Vict,, c. 90, sect. 
20, it is expressly the duty of certain local authorities that they 
make from time to time (personally or by their officers) inspection 
of their districts, with a view to ascertain what nuisances exist 
calling for abatement, and that they enforce, in regard of such 
nuisances, the provisions of the Nuisance Removal Acts. If cases 
like those of Winlerton and Terling werebeforeacourt of law, and 
the propositions were aflirtned (as I apprehend they unquestionably 
must be) that the duty of the authority had been utterly neglected, 
iffmngs of the population, 
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lation, had resulted from the neglect, " injury," in thnt legal sense 
iffaich implies a title lo redresc, would have been done by the 




authority ; and if hereupon each person who had suffered as aboi 
could recover hia cotojiensation from the rales, lociJ auihoritii 
would immediately have the knowledge conveyed to them, in a 
more practical form than it has yet assumed in their eyes, i 
sanitary neglect is a mistaken parsimony. 

Apart from legal technicalities, on which I do not pretend 
enter, the desiderata seem to me to be these tliree:— first, 
for any purveyor of water wilfully or neglectfully to distribute 
water, or, where filtering is required, unfiltered water, and for 
local authority to make default in euch duties in relation to the publjir. 
health as are by statute expressly imposed on it, should Ije (il'the/ 
be not already) indictable offences, and that the production c£ 
disease by offences as aforesaid should be alsu [if* it be nut already) 
indictable ; secondly, that it should be the province of some named 
central authority to take at its discretion legal proceedings against 
offenders as above ; and, thirdly, that where such proceedings had 
led to conviction, all propositions affirmed in the verdict as to the 
causing of disease by the convicted jteraon or authority at the timsi 
and place in question should afterwards be held proven for th^ 
purposes of whatever civil actions for damages might then bo 
brought by private |>crsons on account of injury sustained through 
the disease. It would of course in any action for dam^es be 
matter for question and proof whether the particular suffering had 
resulted wholly or in part from private fault, either in resistance 
to a local authority or otherwise ; but looking to the spirit of our 
present nuisance-laws, especially to section 20 of the Act of 1866, 
I apprehend thnt nuisances on private premises could not prinut* 
Jacie be deemed matters of solely private responsibility; and in! 
regard of a large class of such ca^es, it may be doubtful whether aa- 
authority could quite exonerate itself of responsibility for thg' 
nuisances, even aa against the owner of the premises, unices it ' 
showed that it had taken all proceedings required of it by law in 
such matters, or at least that the district possessed all proper 
facilities for the abatement of private nuisances. As regards such 
indictments as are above proposed, in which generally the indict- 
ment would be only for ulterior purjioses, and the proceedings 
therefore only nominally penal, precedent exists in the indictability 
of parishes or other responsible parties for omissions to repair 
highways and bridges. 

2. — Systematic Proreediiyx. 
The continuation of the systematic work which was previously 
in progress in the department, with the object of increasing oor 
exact knowledge of diseases, involved during 1867 some studies 
which were in the highest degree interesting and important. 
- These studies were of two different sorts, which it will be con- 
venient here to distinguish. 

L As to the Local Distribution of Disease, and the Circumstances 
hy which it la regulated. 

I have to recall that in my last annual report a section to which 
I attached particular importance related to changes produced in tha 
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public health in certain lowna where of late years improvements in 
drninage and water-aupply had been made. The largest result of 
th<^ investigation tlien reported on (an iuTeetigaiinn relating to 
25 towns, with au aggregate population of 600,O0U inhabitants 
wiiB to show very BtriJtingly the exemption which local populations 
obtain from cholera, typhoid fever, and other endemic bowel 
affections, in proportion as the local air and soil and water are kept 
free from excremental pollution : a reeult so oonfirinntory of much 
other evidence previously collected in regard of the same aitiological 
question, that henceforth apparently not even the ino»t uiiwUUng 
wiiiieas can deny the relation of cause and elfect in thai matter. 
But the inquiry had also some other results, of dilferen: degieea 
of value. And among such resuita one which stood in particular 
relief eoncernt'd the local diairibution of Pli.monahv Fhthisis. 

It was evident, namely, that in some of the towns which had itelai. 
been improved the moriality from Phthisis had notably diminished. Pbihi 
And when detailed examination was made of the coses winch gave !?^'' 
that iiidicalioi), in contrast with the dift'erent class where phthisis 
had not been lessened in amount, it appeared that the diminution 
or non-dtniinution of phtliisis depended on whechtr ilie sanitary 
improvements nf the place had, or had not, included any consider- 
able drying of the soil. Incases wlicre this condition liad been 
fnlfiUed, the reduction of phthisis occurcd both loo uniformly, and 
kifo in too great amomit, to be regarded as of accidental coin- 
'cidcnce. In a table then given, the reduction on previous phihisis- 
moriaiity, for the first 1 5 towns spoken 
of, was shown lo he such as 1 now 
re-state in the adjoining tabic. And 
the fact that in some of the cases the 
diminished fatality of phthisis was by 
far the largest amendment, if not the 
oidy one, which had taken place in the 
local health, became extremely interest- 
ting and significant, when ihe circum- 
stance was retnenibered that works of 
sewerage, by which the drying of soil 
is efiecteii, must always of necessity 
precede, and do indeed sometimes 
precede by years, the accomplishment 
of other objects (house drainage, aboli- 
tion of cesspools, and so forth) on 
which the cessation of various other 
diseases is dependent. Thus, as re- 
gards the two largest populations 
which were reported on — those of 
Bristol and Leicester, no doubt the 
I " ■ comparative smallness of effect hitherto 

■ CAHmFF - - 17 produced on ihegeneralanddiarrhoeal 

■ MERTavR - - li dealh-ratesof those towns might (so far 
M' ~ as it was not fallacious) be referred 
■to the et - - - 
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The death-rates 
Phthisis in llie 15 o 
mentioned towns had, 
improved land-dra 
fallen, per cenlun 
follows ;— 
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RUGBV 


43 


Ban BURT - 


■ 41 


WOBTHINU - 


- 36 


Leicester • 
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Newport - 


32 


Cheltknium 


26 


Bristol - 
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Dover 
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Warwick - 
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Cardiff - 
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■to the shortness of time for which finished conBtruclioi« had been 



Mbdicu. 



at work for the detailed dispoUution of houses and their dependent 
ciea; but a reduction already of a sixih in the phtliiaie-ninrtali^ 
of Bristol, and a reduction already of a fourth in llio plitli' 
mortality of Leicester, were apparently connected with the fa 
that in botli towns main aewer-ige on a large scale, with mor«i 
or less di-ying of soil, had existed, in comparison, for many yeara^i 
And Rugby, which, lonp as it had been at work, had not y 
ceeded in getting rid of endemic diarrhoea and typhoid fever^ 
showed at least this result of its main drainage works, that ' 
phthisis-mortality had fallen 43 per cent. 

The above facis, though not enough in themselves to prove M 
certain the very important oetiologicalrelationwhich they auffges led, 
were at least amply sufficient to show that a very promising line 
of inquiry bad been opened. And my lords having on my repre- 
sentation been pleased to direct that tliis should be continued. Dr. 
Buchanan, the practised and skilful inspecior who was engaged 
on the former general investigation, lias now given me a further 
report of results obtained by him in a subsequent special research. 
That report (App. No. 5) is subjoined in extenso. It presenia an 
elaborate examination of the distribution of phthisis, as compared 
with variations of soil, in the three south-eastern counties of Eng^ 
land, beyond the limits of the metropolis ; and it confirms, I think, 
beyond any possibility of question, the conclusion, previously 
suggested, that dampness of soil is an important cause of phthisis ta 
the population living upon the soil. 

This conclusion, so far as it rests on the above evidence, cannot* 
strictly speaking, claim to be proven for auy other countries ihaa 
our own ; and a supposition might be advanced, though of course 
with little probability, that perhaps we had only succeeded in dis- 
covering an influence special to England. It is therefore with 
much interest that I am able to quote the result of an inquiry'^ 
(whicli indeed was made long before our own, though it has only' 
recently come to my knowledge) on the distribution of Phthisis iBi 
some of the United States of America. It appears that in 1868, iu'j 
an address delivered at the annual meeting of the Massachusetts 
Medical Society, and afterwards published, Dr. Bowditch of Bos- 
ton, U.S., drew attention, and not for the first lime, to ihe remark- 
able inequality with which he had found plithisis to be distributed 
in Massachusetts, and, so far as he could ascertain, elsewhere in 
the States, and to the connexion of thisinequFility withdilfereaces 
of moisture of soil. He represented thai "medical opinion in 
Maeeaehuseits, as deduced from the written statements of resident' 
physicians in 133 towns, tends strongly to prove, though perhapi, 
not alTording perfect proof of, the existence of a law in the develop-' 
ment of consumption in Massachusetts, which law has for i[g. 
central idea, that dampness of the soil of any township or locality' 
is intimately connecled, and probably as ciiuse and effect, wita.] 
the prevalence of consumption in that township or locality ;" andj 
he also adduced particular instances as tending to prove that even] 
" some houses may become the foci of consumption, when others 
btit slightly removed from them, but on a drier soil, almost 



wholly egcape."* It is moreover well worthy of notice that the i 
Registrar-General of Scotland in hia 7tli Annual Report, ad- ^ 
vertinj; to Dr. Bowititch'a work, has stated that, in his opinion, 
{he niortunry Btatisticj of phthisis in Scotland furnish evidence to 
the same general effect. With those corroborative statements in 
aid of the evidence which ihis department has collected, it must, 
I think, he deemed extremeiy probable that the inlluencc of toil 
ia itnivers:il. But at any rate as regards England, of which alone 
I have officially to speak, the conclusion m to the inflaonce seems 
indisputiible. 

In Biibmitiinj; this conclnsion as one which, in my opinion, must 
henceforth stand among those scientific certainties on which the 
practice of preventive medicine has to rest, I take the opportunity 
of observing (though perhaps almost sii[ierfluouBly) that the con- 
clueion doea not purport to bo more than a contribution to the 
wliology of phthisis. That vastly fatal discaao, if we are to have (i,^ 
proper knowledge of ita causes, must be studied fi-om many different Prp- 
points of view. On former occasions (as particularly in my 4th of PLOmi*. 
and 6th annual reports) I have brought int« relief the industrial 
relations of the disease, and now I insist on its occaalonnl endemic 
relations. On those previous occasions it was shown to be a disease 
which undergoes development in pro|M)rtion as men are unwkote- 
someli/ gathered in indoor indugtriea : now it is shown to be a disease 
which also develops itself in proportion aa mcu are dioelling upon a 
hujnid soil. These two concluitions, no doubt, arc very great a:tio- 
logical fragmente ; but even when taken together they do not pre- 
tend to exhaust, or nearly to exhaust, the subject of tlie causation of 
phthisis. Thus, it may sntHce me in passing to note that our studies 
of the disease have not yet touched ita immensely important here' 
ditanj relationi. And even in the present volume lahall directly have 
to bring under consideration another and entirely different aspect of 
the disease — that, namely, in which its intimate pivthological a£Bni- 
ties have to be discussed, and the nature nf the morbid procett 
which eatabliahea it. That Jn both those directions the acquisition 
of further knowledge may very greatly increase our power of 
preventing a disease which now causes in England probably at 
least an eighth part of the entire mortality, will not, I think, seem 
improbable to anyone who well considers the subject ; hut mean- 
while I may point with great satisfaction to the eminently practical 
character of the conclusions already obtained. Phthisis, so far as 
it depends on unnholcBome circumstances of indoor industry, has, 
since my former reports, been made preventable imder the law ;t 



* M7 quolatiou of Dr. Bowdilcb'* work kk firom a second fditiou, vblcb lua 
quiie recenily been pnblixlied in AmpricB; — " CaHtmnplion in New Englam! and 
eUewhert. rr Soil-3foUlvre out 0/ ilt chief eavtfi :" Boston, 1868. We here, ns 
Dr. Buchnoan alutrs, bad been entirtl]' unable to oblain a copy of Ibe origioal work 1 
and Ihe cogiy of Ibe rc-luue, vhicli I owe to Dr. Bowdilcli's kindDoti, bu reacbed me 
only since tb« eompletioo of Dr. Bxichanan'i report. 

t See Factory Aeuofl86*-7, Work-placet Regulation Actof 1667, and aeclion 19 
of the Sanitarr Act, 1867. 
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and pbthiBis, eo far as it depeode on wetness of soil, luaj easily 
in great part be made similarly preventable. 

Distinction must, of course, here be drawn beivreen popnioue and 
non-populous places. An undrained state of soil in any place 
where population is aggregated anawers to the legal intention of 
the word " nuisance ;" and I apprehend that, even in tlic present 
state of the law, the local aewer-authority is bound to provide 
that such ft state shall not continue through want of proper con- 
structions for the drainage. For agricultural lands, no doubt, the 
case is ditferent. It may not be practicable to require that euch 
lauds, though damp enougb to cause phthisis to the comparatively 
few and scattered persons who reside on thero, shall be artificially 
drained by their owners ; and the interests of agricnlture in this, 
respect are not always ideotical with those of human salubrity. 
But at least the law might unequivocally condemn, so faras detri- 
mental to health, all damming of natural di'ainage. And for river- 
conservancies it would be a function, scarcely if at all less import- 
ant than that of preventing the pollution of rivrrs, that they 
should also, as far na possible, prevent or remedy all such artificial 
and natural obstructions of water-Sow as keep tracts of inhabited 
laud sodden with stagnant wetness. 

ii. Particular Processes of Disease investigated in scientific Dtlail 

InTfisiigation A very important branch of the systematic work of the depart- 
erf' ProceEMi of ment is represented for 1867 by the last two papers of my subjoined 
appendix, Nos. 6 and 7, by Dr, Sanderson and Dr. Thudichum 
respectively. In my eighth report (pp. 20-1) I have stated the 

_ circumstances under which my Lords, early in 1865, determined 

L that in future there should to a limited extent be conducted under 

^M their auspices such investigations in abstract pathology as might 

^r seem likeliest to be of ulterior effect in the more immediately prac- 

^1 tical and [wpular objects of this Department. The present is a time 

^M of the most extraordinary transition and progress in the scienoea 

^M which are fundamental to medicine ; so much so, that scarcely a 

^M month passes without raising some new pathological question which 

^B bears upon principles of action ; and this Department, practically 

H considered, would be lagging far behind the knowledge which ought 

^^ to be represented in its administration, and might often be spreading' 

^H mere obsolete error among persons who look to it for intelligence, 

^^ if it were not itself able to submit such questions to examinatioa« 

^H and thus and in other ways to take part in the scientific recoa- 

^H Btruction which is in progress. The application of work of this. 

^H description is, as I need hardly observe, in the first instance exdu- 

^H siyely technical : the work addressing itself primarily to certain 

^H sdentific requirements of the medical profession, and not pre- 

^H tending to be applicable to popular uses so immediately as the otitef ' 

^H work of the department : and, in this state of the case, it ia not. 

^H necessary that I should here enter, except briefly, into a dis- 

^H cuesion of the subiect-matter of last year's investigations. Some 

^H short explanation, however, may be convenient. 
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a. Dr. Sanderson's report relates to the proceee by which so- MxDxcAt 
called Tubercular Disecue is established in the animal body — such ^^2^** 

disease as, for one of its forms^is illustrated in Pulmonary Phthisis, ' 

and which, in that and other forms, is among the most fearful Inoculability of 
scourges of human life in this country. The morbid process, terribly Tubercle. 
frequent as it is, has not yet come to be well understood. Of its 
chemistry (which may probably hereafter prove to be the true 
criterion of its nature) absolutely nothing is yet known. Of the 
way in which its best recognized external causes become capable 
of engendering it in the human body, we can scarcely be Raid to 
have a conjecture. And even of its anatomy (though this of late 
years has been more successfully investigated) the facts arc not yet 
nearly complete. On the other hand, its relation to some other 
diseases had long seemed, in a very general sense, to be tolerably 
sure : it had been assumed for instance — and the assumptions are 
represented in our conmionly received classifications of disease, 
first, that the process must consist in ^^ specific,'' as opposed to 
'^ common inflammatory," local changes ; and then that the root of 
these changes must be something so inherent in the original nature 
of the sufferer, and so independent of any contagious influence, 
as to make tubercle the type of so-called " constitutional " diseases, 
in distinction from all extrinsic, and particularly from all ** zymotic,'' 
diseases : but even while these assumptions were not openly con- 
tested, considerations were accumulating which caused every 
cautious pathologist to speak with greafreserve on the subject In 
this state of the case, suddenly, some two and a quarter years ago 
a very startling discovery was announced. Dr. Yillemin, of thi 
Yal de Gr&ce Hospital in Paris, on the strength of a large number 
of experiments which he had performed on some of the loweranimals, 
claimed to have established that tubercle is inoculable from subject 
to subject, and is in fact as ** zymotic" as syphilis. Various 
observers (among whom I was one) were soon able to satisfy them- 
selves that M. Yillemin's descriptions were entirely true for the 
field witlun which he had experimented ; but it was evident that no 
general view could properly be based on results such as his, till the 
answers to many odier questions should have been brought within 
the field of study ; and as the line of inquiry which he had opened 
would at any rate almost certainly involve inmiense pathological 
consequences, the more comprehensive research was peculiarly to 
be desired. My Lords, early last year, were pleased to authorize 
that such a research should be undertaken on a large scale in this 
department One great portion of the consequent work is repre- 
sented in Dr. Sanderson s present report, and other portions of it 
(with a view to my next annual volume) have already been com- 
mitted to him for completion. The results which have hitherto 
been reached are not in an unqualified sense final ; but cvcu this 
first stage of the inquiry, besides leading as it does to ulterior 
questions of the utmost interest, has already given us definite and 
important knowledge. 

The conclusions to which hitherto we have come may be stated as 
follows. First, M. Yillemin's tact is established as unquestionable i 
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cerlain of the lower animals, if iiioctilated from the human b 
with the morbid products which are called " lubercular," will i 
sequence develop, more or less exieiisively throughout their bodie^|l 
iL disease, which, so far as present criteria can decide, is identicalV 
or nearly identical -witli the so-called "tubercular "disease of man:^ 
and from this fact, taken wiih previous knowledge as to the mode 
in which " tubeicle " in man tends to spread infeotively from its 
original site to secondary and tertiary sites in the affected body, 
it would at first seem that humiin " tubercle " must be a specific. . 
zymotic disease. Against this, however, the correction has to I 
applied, that, in the rodent nniniale on which hitherto an immense 
majority of ihc inoculative experiments have been performed, %M 
disease, which] if it were in the human subject, we sliould uiiheBi' 
tatingly call " tubercle," may certainly and (it seems) very easilyi 
arise in continuation of "common iiiflammiilory " phenomena; 
that not only Ihc " tubercular" inocitlntioii from man, but other 
morbid inoculations, and even " common " local lesions, may be 
followed by diffuse tuberculisation of the rodent's body; that, for 
instance, a slight open wound, such as that of a seton mn beneath 
the skin, is not, as in man, an alfair of simple irritation which j 
ceoees when the irritant is withdrawn, hut is capable of being the j 
firat aiep in aserieaof changes which gmdnnllyinfcct the creature'* J 
whole body with imitations of the humnn " tubercular diathesis," I 
and thus at last create such "tubercnhir^ disorganizations i 
necessarily destroy life. 

Here, for the present, we stop, and it wouhl be idle to conjecture I 
what further knowledge may hereafter be gained in ihia very in- 1 
strnclive line of inquiry. I may venture, however, to point otilj 
that some of the present observations, in converse as it were to J 
their first teaching, prompt a curious second reflexion. Tlievl 
suggest, namely, a speculation with regard to human "tubercle,'! 
such as may indeed extend to many human diseases which are^ 
called specific and zymotic, whetlior perhaps otir patliological 
terms " common " and "specific" may not, more than has yet been 
supposed, be found variable with the particular animal spoken of 
as aflected, rather than attaching fixedly lo the given diseases; 
whether, namely, the "common infiauiniatory '' affections of some 
animals may not be the " specific " Jiflbclions of otiiers ; whether, 
for instance, some " common " traumatic affection of this brute or 
that may not correspond iu essential chemistry to this or that J 
" specific " zymosis of man, and even in some cases Im the Boilrcflfl 
whence the latter was first derived. Of course no speculation cdTl 
this sort can he conclusively argued till our present impei" 
scientific definitions of morbid proceesea shall have been ■ 
greatly improved. 

ft. Dr. Thudichum's report, even in gome respects more thiu 
Dr. Sanderson's, represents only part of an unfinished work i 
the department; but here the projected work is so large and! 
heterogeneous that of necessity its separate sections must Dflesfl 
be regarded as wholes. The scope of the entire work .' 
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eiidenvonr whiiili my Lord« arc making in this department to &Ubicil 
contribute towards ilie establialinieiii of precise knowledge in bT^t* 
those chemical aspects of pailiology wlu're at present there is 
almost utter darkness. It is only among peisons who are {'airly 
iTersant with the present difficulties of the medical sciences 
ihut the full obstructivenese of that defect can be measured. It 
means, ains, that very large i>aria of practical medicine, both pre- 
ventive and curative, aie even yet in a btate of grievous imperfec- 
tion. Both within and without the profession, certain general words 
which have become current are apt lo convey erroneous impressions 
on thatanbjeci. With our varioua infectious "fevers," for iuaiance: 
• — we state that they liavt-, as their common and probably essential 
character, un extraordinary development of contagious chemical 
activity (or, as we call ii, " fermeiitalion" oi' " zymosis") in iho 
affected body ; but behind these gcueral words iherL' is so little 
exact knowlcdfre, that we have not the remotest conception wherein 
chemical activity" of smallpox differs from that of scar- 
latina or of typhus, or what is the chemical ditlcrcncc between 
their respective fevers and the fever of a broheii leg or ekuU. 
Similarly with our BO-callcd " dyscraaiea " ; — we are ready to 
tabulate together under that old Greek nord a large number of 
diseases of which we think we know that they represent hubitual 
indolence, or other chronic misbehaviour, in the chemical working; 
of the body or of certain organs — such habits of body as the 
gouty, the scrofiilons, the rheumatic: but not of one of these 
dyscrasice, not even of the most studied of the nnmber, arc we yet 
able to give any description which a chemist would recognize as 
intelligible. And this, be it observed, is in regard of diseases wliich 
by common consent are either primarily, or in a high secondary 
sense, chemical. Of course a third group might be cited of other 
diseases, which also (like the above) present very prominent 
chemical phenomena, butwhidi hitherto are so imperfectly known 
in (his point of view that we hesitate whether to call them 
dyecrasies or not : such diseases as cancer, rickets. Here in short 
is a large number of our most important diseases, for which 
hitherto we have not even approximately got proper })athological 
de/inilicns. And the evil of this is not only that in our purely 
•cientilrc discussions we are again and again brought tu a &tand- 
■till by the embarrasamcnt of undefined terms ;* but al^o the defect 
which I describe lies at the very root of what is now least satis- 
factoi'y iu our practice. What ye want in respect of our morbid 
processes, so far as they concern the chemistry of the body, is to 
be able to define them In precise chemical language: to be able, 
for instance, as regards any disease which is rij^htiy considered 

For inilBnce, soue two years kgo, -wbtn the canle-ptagne began lo be much talk«d 
^boul ben, pnblic diBcuMioa dtok whnber the diseuc vai of laoh nnlnre that it 
Might to be called hovine amallpos; but ihig ilucuestoQ iiaE(I ma; vvDlnrvloiiSmi) 
■imply futile, aa so one could Ueliue " smsllpox " in any sense vbieh would supply a 
MsionabU ttnndard forlbe (^ompnrinon. And the saiue sort of thing is illustnicd to 
e (xtratiuirhat I have wriiteo intlie prccvding swtloo at to the conunuoicabllity 

tobetdt." For, nhat is tnberda? 
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zjmotic, to say that the bodily materials which it BpcciBcally afTectc 
are such and such, and that in the disease these ninterials paaa^ 
through each and such stages of traiisfoimation, ending 
and such results : and to be able to express all this in 
chemical terms as ne apply to vinous or butyric fcrmenlation. 
Failing this, we have no final pathology of such cases 
are in question ; nor is it likely that we should have for thpn), 
except by accident, any radical treatment or prevention. Ns 
doubt there may be lucky Bucoeaaes, as where wc inherit epecIGa 
antidotes or half-antidoles, more or less uncertain, for gout> or 
syphilis, or ague ; and there ore the many far different auccesaeCj 
where the skilful prnclltionev with irealment which is confessedly 
but provisional and palliative (though not on that account the lesi 
scientific) avails himself to the utmost of preaent symptomatnlogical 
knowledge, and watchfully resists disease in the detail of each 
special influence by which it proximately tends to shorten life. But 
the total of these various successes leaves still much nnsuccesa ta 
be deplored ; and probably those who are most efficient in admin- 
istering the present resources of medicine would he of all persons 
the most conscious how limited in some directions, and specially la 
such aa I am now considering, are the resources which are yet at 
their command. And evidently for future progress, the pos»bi- 
lities of medicine are but two : on the one hand we have tlia 
chance, such as it is, that from time to time new specific antidotes 
may accidentally be diaoovered ; on the other hand, there is the 
power of deliberate scientific discovery and application. The latter, 
in regard of such chemical diseaseB as are here under notice, must; 
presumably, in some or all of the most important stages of its de^; 
velopmeni, be a question of purely chemical work; and itwoald* 
I think, be unwise to assume in respect ot* any such chemical case, 
that the ends of preventive and curative medicine can be reached 
till our practical proceedings shall have got to be demoDstrabiy 
based on the very chemical formula of the morbid process. 

There is here of course no intention to depreciate in even the 
smallest degree the services which other kinds of observation and 
experimeni as to the forms and forces of health and disease may 
render, and have rendered, to medicine. Every atop in the 
physiological sciences, every better knowledge of the organs of the 
living body, and of their material and functional fluctuations under 
whatever influences, is of actual or potential gain to us ; and sucli 
knowledge, even where it sometimes tends but little to the final 
interpretation of disease, constantly gives more and more success 
(o the provisional practice which it enlightens. As regards the 
anatomical studies of late tunes, with the very advanced utUisatiott' 
of the microscope, and the otherwise greatly improved means of 
minute structural investigation, I need hardly say that, by them, 
during the last thirty years, great parts of the science of disease have 
been completely transBgured, and that even now from year to year^ 
this mode of inquiry continues to give most valuable resnlta, 
How muoh importance is attached to it in this department at 
indeed illustrated in the present volume by the minuteneu of 
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anatomical research with which Dr. Sanderson's report is written. Mtoioii. 
But one of the best lessons which any science can teach us is Bwran.* 

enabling us to see what are the necessary limits of its own teaching- 

power; and thus by help of the microscope we have come to learn, 
in respect of a vast number of the most important problems of 
pathology, that what it can teach is only generic, while what we 
want to know is special, that diseases practically most dissimilar 
may be indistinguishable in ultimate anatomy, that our few simple 
types of structural change are but vague and most imperfect 
symbols of the innumerable chemical changes which they 
embody. Nor, as regards the zymotic diseases, do I under- 
value the great scientific interest of such investigations as I last 
year quoted from Prof. Hallier in respect of cholera, and might 
now quote from him in respect of several other such diseases, 
as tending, in his belief, to establish that micro-fungi of various 
sorts constitute zymotic contagia ; but, however great may be the 
future development of such investigations as those, and however 
unquestionable their results, the field in which such knowledge 
might prove applicable is one wherein most instances the interest 
of the microscopic ferment would be practically as inseparable from 
the chemical study of the disease, as the interest of the yeast-plant 
is inseparable from the study of the decompositions amid which it 
lives. 

The above, in substance, are views which I have for many years 
entertained and expressed as to the very great need of chemical 
research in aid of such practical objects as those with which this 
department is charged: but till very recently such researches 
could not have had much promise of success : and it was only 
three years ago that I felt justified in asking my Lords to allow 
me special assistance for an attempt to lessen the defects of which 
I complain. 

Of the work which since then has been done for the Department 
by Dr. Thudichum, part was represented in my last year's volume 
by a report on the chemistry of cholera, and another considerable 
part is now represented in my subjoined Appendix, No. 7. The 
medical reader will see, without surprise, that a large proportion 
of the present work is of a kind which may almost be called 
preliminary ; partly that it deals with those sections of physiolo- 
gical chemistry with which our great patho-chemical problems 
are most nearly related, and in which, essentially for our purpose, 
very exact standards of healthy chemical process have to be 
ascertained ; and partly that much study is given to artificial and 
post-mortem processes which in some degree resemble processes of 
disease. The more direct researches have brought into strong 
light (as may particularly be seen in section d of the Report) the 
necessity which caused that course to be taken. The present 
researches, besides investigations of particular morbid phenomena, 
have chiefly related to the decompositions of albuminous sub- 
stances, to the colored corpuscles of the blood, and to the coloured 
ingredients of bile and urine. It has been found convenient to 
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prefix to the account of these researches a compendiouR introduc* 
tory view of the present state of the case to which the researches 
apply ; or (as the title of the section runs) a ** sketch of chemical 
pnysiology, and of its points of contact with pathology." Further, the 
spectroscope has proved so essential an instrument of investigation 
as to require particular notice in the report ; and, therefore, the 
information given as to the spectroscopy of the blood is preceded 
by some general information as to the construction and uses of the 
instrument. Also the report has a supplementary section on 
alcohol and its relations to the human body; particularly in 
settlement of the much-debated medical question whether alcoholic 
drinks contribute to nourish the body into which they are taken. 

John Simon. 
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APPENDIX. 



No. 1. — Statistics op thb National Vaccine Establishment. 



1. Staff of the Ectablishicetct at end of 1867. 



No.1. 
Statistics 

oftks 

Natumal 

Vaeeim* 



N.B. — ^The Stations named in italics are Educational Vaccinating Stations, antho- 

lued by the Lords of the Privy Council, for the purposes of their Lordships' EstabUshmmL 
Order of December 1, 1859. ...^ 



Vaccinators 
salaried from 
tbeParliamen-i 
tary Grant 



{ 



Parochial and 
other Vaccina- 
tors not sala- 
ried from the 
Parliamentary 
Grant, but 
furnishing 
Lymph at a 
fixed rate of 
payment 



Members of the 
National Vaccine 

Establishment 

supplying Lymph 

for the 

Public Service. 



Mr. John Newton 
Tomkins, In- 

spector. 
Mr. James Fumess 

Marson. 
Mr. George Lewis 

Cooper. 
Dr. Richard Sharpe - 
Mr. Robert Wade - 
Mr. Arthur Bernard 
Macann. 
-Mr. Wm. Jones 

XjCWIS 

Mr. W. E. Grindley 
Pearse. 

Mr. Ellis Southern 

Guest 
Mr. John Gamer 
Mr. William Yeoman 

Sheppard. 
Mr. Arthur Browne^ 

Steele 
Mr. John Uenry > 

Wilson - 
Mr. John Fenton - J 
Dr. Edward Lowe 

Webb. 
Mr. George Cuthbert 

Gilchrist 

Mr. WUliam E. 

Grindley Pearse - 
Mr. James George 

Gerrans. 
Mr. Frederick ]9olmcs 
Dr. Edward Lynes - 
Mr. Joseph Teale - 
Dr. James Dunlop - 



Vaccinating 
Stations. 



Fitsroy Street. 



Surrey ChapeU 
Blackfriars Road, 
Battle Bridge. 

Bermondsey. 

Dean Street, Soho. 

King Street, Port- 
man Square. 

Spital Square, 

Wellclose Square. 

Tottenham Court 
Chapel. 

Manchester, 

BirmiMgham, 
Bristol. 



Liverpool. 



Pimlico, 
Newcastle-on- Tyne. 



Westminster, 

Matylehone. 

Leeds. 
Coventry. 
Salford. 
Gliuyow, 



Days and Hours of 
Attendance. 



Mon., Tues., Wed., 
Thur., Fri., Sat; 
10—11. 

Tnesdaf, Thursday ; 
1—2. 

Tuesday; 12—1. 

Tuesday; 10—11 
Mondav; 9 — 11. 
Monday ; 10—11. 

Monday; 10—11. 
Tuesday; 9—11. 
Monday, Wednesday ; 
1—2. 

Monday ; 2—4. 

Monday ; 10 — 12. 
Tuesday; 11—12. 



J Monday ; 9. 
[Friday; 2. 

3Ionday ; 10 — 12. 
Tuesday; 2 — 3. 

Monday; 9 — 11. 

Monday; 10—11. 

Tuesday ; 3j. 
Monday ; 12 — 2. 
Thursday ; 2^. 
Monday; 12—1. 
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Statutica of the NUional Tuciue Establ jghment— cwiti'mif J. 
S. SocBCEB and Ahockt of Lthpq Scfflt in 1867. 



raecae 


riied by the Lorda of the Priry Conndl, for the PnipoM of their Lordship*' 
Order orDwembei' 1,1859. 




— 




VMciaa- 
lionsper- 
fortaedat 
the Sutioni 
respec- 
tirely. 


No. of 

ofLymph 
wppUrf 
from the 
Stations 
rwpec- 
tively. 


RemaiV). 




Prim';;^„ 








I. Fitiroy Street 


478 


_ 


5,200 








a. Syrrty Clwpd ■ ■ - 


968 


S2 


14,100 






Vaoclnatora 

aalaned &om 
theParliiunen-' 


8. Battte Bridge 

3. Dean Street, Soho - 


431 


61 
24 


6,294 
7,696 
10,080 






UrfQnuL 


e. King Street, Portman Square 
7. Spital Square 


257 


12 


4,556 
10,993 








8. TolUnliaM Court Chapel - 


1,500 


58 


13,756 






Total - 


». WtOclote Square 
9 Stationi - 

1. Manchester - 


a44 




9,678 






5,158 207 


814!7a 






1,834 




17,640 








i. Birmingham • ■ - 


1,157 


54 


5,583 








8. Bristol . - , . 


252 


— 


1,600 






FarocbialiiDd 
otherVuccina- 
tors not «ala. 
ried iW.m the 


4. Liverpod 

5. Pimiico . 


919 
870 
383 


7 
106 

26 


16,287 
84,975 
8,a65 






Parljanienlarv . 
Grant, hut 
furui ailing 
Lj-mph at a 
fi;ed*^rate of 
pajmeot. 


7. iftttn.instcr 
i. MaryhboM 
9. Z™A - 
10. Covencrj ... 


784 
1,073 

464 


16 
153 

6 


15,602 
10,724 
8,257 








11. Salford 


755 


— 


7,212 






Tolot 
General Total 


la. Glasgom 

12 Stations - - - 
ai SutioDt - 


714 


_ 


7,560 






9.169 


377 


135,365 






14,327 


584 


216,637 





Stidttic* of the National Taceine EnaUidunaii— coniuiwrf. 
8. StnaUHfbrtheTMK 18S8-1S67. 



Tear. 


Total Vacciaadooi 
perfonned at tbe 
StaiioDs which 
anpplyiynjph. 


Be-TaFcliuitioha 

iadaded in 

p.««lJ..gColmu.. 


Number of 

ChaigeaofLjmph 

mppUei 


1856 - - 


7,039 




2101942 


1857 - - 


6,327 




213,207 


1856 - 


6,445 




234,150 


1859 - - 


9,030 




237,801 


1880 - - 


13,819 




228,347 


1881 - - 


12,009 




225,000 


1868 - - 


13,149 




211,475 


1868 - - 


20,600 




239,432 


1864 - 


13,727 




203,250 


1865 - 


14,648 


515 


219,832 


1866 - - 


14,319 


372 


207,014 


1867 - 


14,911 


584 


216,637 
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Appendul No. 2. — ^Extracts from Report by Dr. R. Thorne Thorne on 
Epidemic Typhoid Fever at Winterton. 

On Epidemic * * * * * 

TVpAou' Fever Winterton is a small market town, situated on a gentle slope, iu the 
at Winterton, northern part of the county of Lincoln, about two miles south of the 
*y -P^' Thorne, Hy^j^y^Qj,^ It consists mainly of one street, called the High Street, 

running directly from cast to west, but at the western extremity houses 
are also collected around an open space originally occupied by a pond^ 
and round two sides of the churchyard. The town, which is on high 
ground, is situated on a stratum of oolitic limestone, which is very 
porous, and easily admits of the. percolation of fluids. Above this 
substratum lies a clay mai'ly soiL 

In 1861 the population was 1,780, and since that date it has, for two 
reasons, not increased beyond about 1,800. The first of these is the 
establishment of ironworks at a neighbouring village, where many of the 
inhabitants now find employment, and where they have, in consequence, 
settled. The second and more important reason is, that until the Union 
Chargeability Act was passed, the nobility in the adjoining parishes 
refused to allow of any cottage property or of paupers on their estates, 
and Winterton being a freehold town, the labourers who worked the land 
for a circuit of neai'ly four miles around, all took up their abode there. 
Recently, however, the paupers being maintained out of the general 
union rate, instead of the parish rates, the landowners have commenced to 
build cottages on their own property, where their labourers now reside. 

The town is under the government of a local board, the only other 
officials being the clerk to the board, and a labouring man who holds 
the appointments of town surveyor and inspector of nuisances. Its 
situation on a slope gives great natural advantages to Winterton as 
regards sewage, and within the last few years a very effectual main 
drainage has been laid through the town. Into this drain a running 
stream has been diverted, and thus a continual flow of water is kept up 
nearly throughout its whole length. Two outfalls carry the drainage into 
a brook running parallel with, and outside the town ; this discharges itself 
into an ai-tificial piece of water called Sir Rowland's Drain, which in its 
turn runs directly northwards, and joins the Ancholme river, just before 
this stream empties itself into the Humbcr. All the openings from the 
street gutters into the drain arc well constructed and properly trapped, 
and with the exception of one of the outfalls which have just been 
mentioned, and to which reference will again be made,* the whole 
system works efficiently. The town consists almost entirely of cottages, 
which are, with few exceptions, well built, of brick or of limestone. 
Absolute poverty is but little known there, for though about nine- 
tenths of the population consist of the labouring classes, yet these, when 
in health, almost all earn good wages ; intemperance, also, is rare, so 
that neither of these causes can be said to be at work in predisposing 
the inhabitants to disease. Ague was up to 30 years ago very prevalent 
in the district, but since the neighbourhood has been properly drained 
no cases have occurred. 

The mortality of the town for the last lOyeai-s has been as follows : — 

For the year 1 857 - - - 34 deaths 

„ 18.58 - - .47 

1859 - - - 42 

„ 1860 - - . 33 

„ 1861 - - - 37 

1862 - - - 32 

„ 1863 . ~ - 31 

♦ Vide page 32. 
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For the year 1864 - - - 59 deaths 

1865 . . . 51 „ ^^^ 

„ 1866 ... 44 „ ^^ ^^ 




The increase in 1864 was mainly dne, I am informed, bj the anion Typkoid f 
medical oflScer, Mr. Bennett, to an epidemic of scarlet fever, and since •*' WiMta 
then to the prevalence of the fever which has been the cause of this -' ^' ^ 
inquiry. 

Winterton is at present suffering Jrom a widely spread epidemi«^ of 
typhoid fever. This disease, according to Mr. Bennett, has never l»een 
entirely absent from the town for nearly seven years, but during the la.'^t 
two or three years only has it afifected so large a number of the popula- 
tion as to give rise to public anxiety. The epidemic is now primcipaify 
confined to the east end of the town, where it has attacked the poorest 
class of the inhabitants, but during the past year almost all the cases 
occurred at the west end, in the houses adjoining the churchyard. 
These houses arc 35 in number, and Mr. Bennett's books show that from 
June 1865 to June 1866, out of 145 persons residing in them 100 suffered 
from fever, of whom 17 died. The upper classes and the tradesmen 
have not been exempt from the fever, but at the time of my visit none ' 
but the labouring classes were suffering from it. 

From Mr. Bennett's position as union mediciil officer, almost all these 
patients are under his care, and by hb permission I visited with him 
all those who were now under treatment. The number I thus saw 
was 49, all of whom exhibited the various symptoms of typhoid fever, 
including the rash and the bowel affection, with the exception of a few 
whose cases were of too recent a date for the eruption to have exhibited 
itself, and a few more who were progressing towards convalescence, but 
who had evidently suffered fnnn some acute febrile disease. In addi- 
tion to these cases there were six under Mr. Sadler's treatment, making 
a total of 55 cases. Notwithstanding this large number, the mortality 
has been small, six cases only having terminated fatally since the 1st of 
January this year. This is to be accounted for by the fact that at the 
present time the disease is in by far the majority of instances of a mild 
type ; indeed I saw several patients sitting up, who had well-marked rose 
spots about them, and were suffering from diarrhoea at the time of my visit. 

The epidemic prevalence of fever in Winterton is undoubtedly to be 
ascribed to the disgraceful state of the privies, cesspools, ashpits, and 
wells. With the exception of about six houses, where waterclosets 
have been constructed, aU the cottages are provided with privies, which 
are generally built of brick, and have an aperture at the side or back, 
through which they can be cleaned out. This aperture I found open in 
almost all instances, and the result of this is that the contents of at 
least half the privies in the town run out into the gardens, soak into the 
earth, and penetrate in many instances into the wells, besides producing 
the most offensive odour. In addition to this many of the tenants 
either throw their refuse and slops, including urine, into the yards 
outside their doors, or else they improvise a receptacle by digging in 
the ground close to the aperture in the privy wall. The fbcal matter 
pours into it, and they thus add to their previous list of nuisances 
that of an open cesspooL In some instances ashpits have been 
built, but these are uncovered, and since urine and the bowel dis- 
charges of the typhoid patients are thrown into them, in addition 
to other refuse, they are but little better than open privies. All 
these sources of faecal fermentation are situated as a rule close to the 
houses, and in some instances within a few feet of the back doors, 
and just under the windows. The wells are also in their immediate 
neighbourhood, and many of the inhabitants informed me that their 
water was so bad that they had been compelled to discontinue drinking 
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Apvehdiz. it. In ono instauce I found the space between two pigetjes entlrdj 

• occupied by a well 3 feet in diaraeter. Fever ia present in the hoase to 

_ ^°|Jv . wliicli this well ia attached, but since the occupants do not nse it, the 
T^hi^Fevrr neccsBorily doutaminnted condition of the water cannot be considered to 
at WittitTiaii, Ijcar upon the disease. Given, the exiatence of typhoid fever in a town, 
hg Dr. Therat, it is hardly possible to concei^'o of conditions more favorable for itf 
-~ spread than those existing in Winterton. 

The record of a few cases differing in do essential points from all 
those I viEitcd, will exhibit somdlhing of the evidence on which this 
statement is based. 

A group of four eotti^s, the property of Mr. Dale of Appelby stand 
in the High Street ; their back doors all opening into one common yud 
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14 feet wide (vide diag.) In front of the third house and within 5 feet Affexdtx^ 

of the windows is an open untrapped drain, which communicates with JjT — 

the main sewer, but owing to this communication being defective a q^ EMemk 

l&rge quantity of stinking fluid which partly consists of urine, has Typhmd^vei 

accumulated there. Within 8 feet of this is the pump, from which a at WinteHom^ 

waste pipe runs into the drain ; but when the drain does not properly *y ^. Tkorm 

empty itself, that is to say, when it is in the condition in which I found — ^ 

it, the fluid regurgitates up towards the pump. The well which 

supplies all these four cottages with water lies 2 feet to the west of the 

pump, at the foot of two steps leading into the gardens behind the 

coitaQes ; these gardens being raised above the yard, and sloping 

towards it. Close by these steps and overhanging the wcU, is an open 

ashpit, on which the bowel discharges of typhoid patients are thrown, 

in addition to filth and almost every description of decomposing matter, 

which it is possible to conceive. A few feet higher up the garden, and 

within 6 or 7 feet of the well are two pigstyes. Immediately behind 

these, and raised slightly above them, arc three privies, and one ccss|kk)1 ; 

two of the former are filled with night soil nearly up to the seatt*, the 

remmning one is less full because it empties itself into the open cesspooL 

The pestilential odour in the neighbourhood of thb group of nuisances 

it would be almost impossible to describe ; suffice it to say, that on 

pointing them out to the inspector of nuisances, that official, as on several 

other occasions, politely begged to be excused from approaching them 

any nearer. In short we have within a circuit of about 14 feet round 

this well one open drain, one open ashpit, two pigstyes, three privies, 

and one open cesspool, all of which with the exception of the drain, 

are raised to a height varying from 1 foot 6 to 3 feet above it, and 

situated on a loose porous soil. 

As a result of this I found that in cottage No. 1, where three persons 
live, two have had fever, of whom I saw one, viz. Joseph Hewson, a 
labourer, who was evidently recovering from some acute febrile affection* 
No. 2 was empty, but I ascertained that up to eight weeks ago, 
four persons resided there. The neighbours told me that ^ they were 
always ill," and Mr. Bennet stated ^t one of them had died of fever. 
No. 3. Here seven persons live, all of whom have had fever. In 
this house I found in a small room 12 feet x 8 feet and 7 feet high, 
Henry Dnffell, bricklayer, setat 32, lying in a semi-comatose condition, 
on a mattress saturated with urine and fcecal matter, to such an extent 
that the ammoniacal and foecal emanations were absolutely pungent, and 
I was compelled to go to the window which I found closed, and open it» 
in order to breathe some fresh air. Covering the patient were a blanket 
and a sheet, also saturated with his discharges. The nurse, who had 
been provided by the parish, was so exhausted from continually watching 
him day and night, that she was no longer able to move him, and if she 
had been, she stated that it would be useless, as she could obtain for him 

no change of linen In another room lay this man's 

wife, who was also attended by the same nurse. In No. 4 four persons 
live. I examined them, and found them all free from disease. They 
informed me that they had never been ill. 

On continuing my inquiry I ascertained that the inmates of cottages 
Nos. 1, 2, and 3, where the epidemic has been so rife, all of them drink 
the water from the well just described ; those living in No. 4 and who 
have always enjoyed good health, not liking the taste of it, have drawn 
their water from a neighbour's well. 

Nothing could point much more conclusively to the contaminated state 
of this water, and on examining it I found it to be of a light brown 





colour, and diangreeable taste, and to yield a coneidcrablo deposit alter i 
standing for & few hours. Under the microgcopc it exhibits a litrgs. 
quantity of organic matter, both, 
animal luid vegetable, as well ■ 
infusoria and animals of a low 
type (ride diag.) 

As a second example I wiB: 
draw attention to a house sitnated 
also ID the High Street, the pro>: 
jieily of Mr. Dent, M.P^ asS' 
occupied by Williiim Bockhousg 
and his family, in all four it 
number. I there saw Alice BadC' 
house letat. 4, who had been 
attended by Mr. Bennett for 
" fever," which from the symptond 
enumerated including diarrhosft 
and hdimorrhage from the bowels 
woB evidently of the typhoid typo, The patient had recovered from tbfl 
acut« stage, but was frightfully emaciated, had abscesses over the tibto^ 
and several bedsores, as the remote effects of the disease. In the bouse 
itself I found the chamber utensils containing fa;ces and urine oltbongli 
my visit was made at about midday. Tliirtceo feet from the door is aa 
open ashpit on which some of the fsscal disehai^s of the patienC 
named had been thrown, and where they still lay uncovered. By the 
side of this is an open drain. At a distance of about 30 feet from 
the house is the opening from the main drainage into the second outfall 
to which I have referred above (vide page 28), Close by stands ths « 
privy used by Backhouse oud bis family. This privy is built on tfaa 
edge of tho outfall, and by an aperture in one of its walls it empties 
itself into it. The outfall is merely an open ditch, the conteata of 
which, contaminated as they mast be by the typhoid discliargea Iron 
the privy, I found spread out on the tenant's garden, this proceeding- 
having been ordered by tlie town authorities for the purpose of cleaning' 
it out. The stench just around this outfall, privy, and ashpit was worsei' 
than anything I found in the whole towu. The water on thoso prfri 
misea was never used for drinking purposes on account of it^ bad tastc^ 
and therefore it cannot have had any influence in causing the disi 
I examined the premises from which they borrowed water, but 
unable to detect any source of coutamination. 

One other set of cottages, two in number belonging to a gentlnmita 
named Fowler, will furnish me with my last example, and I refer tO' 
these particularly because they afford the only instances of overcrowding' 
with which I met. 

Both these cottages are again situated in the High Street, and the 
first is occupied by a family of nine persons named Altoft Among 
them five cases of fever have occurred, one of which has proved fata). 
On examining the interior of the house I found that nine persons slept 
in one room, of which the window was habitually closed, and the fire- 
place blocked up with bricks and cement. I took a measurement of tlie- 
room and thas ascertained that each individual had less than 160 cubUf 
feet of air. The privy outside was full to within 6 inches of the i 
stale urine covered the floor, and the soil was exuding through thfr 
brickwork at tho back and escaping into the garden. There being no- 
ashpit either to this cottage or the next one, all the slops, including 
ntioB, are thrown into a yard behind, and within a few feet of the dooiV 
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I found strewed indiscrimiDately, ashes, straw, fish, and vegetables Appxbtdiz. 

undergoing decomposition. The next cottage is inhabited by six per- 

Bons named Hill, five of whom have suffered from typhoid fever ; one ^^ ^'-^ . 
of f hese I saw with all the characteristic symptoms. He lay in a room t IwdF*^ 
8 feet X 6 feet ; this he shared with two others, each person only having JtWinterton 
96 cubic feet of air. In addition to this, the room which is on a by Dr. Tkonu, 
level with the street has a damp brick floor, and no window or fire- — 
place, the former having been blown away by a gale some months 
ago, and not being replaced the tenant has been compelled to board 
the opening up. Thus neither light nor air can penetrate the room. 
The privy adjoining this cottage is so full that its contents rise literally 
above the seat, and I was informed that it had been in this state 
for six months; the inmates are thus compelled to resort to the one 
belonging to Altoft's cottage, which on this account is used by 15 
persons. 

The cases enumerated are fair examples of what I found throughout 
the whole town. In some instances I endeavoured to ascertain whether 
the fever could have had a spontaneous origin, but the inhabitants ail 
seem to be on such terms of intimacy with each other that they con* 
tinnaily frequent the infected houses, there assist in attending to the 
sick, and thus come into contact with the bowel discharges, or else they 
drink the contaminated water. My inquiries therefore failed to elicit 
any information on this subject, and owing to the fever having now 
existed in the town to a greater or less extent for nearly seven years, I 
was unable to ascertain the manner in which it first originated. 

I paid a visit to all the slaughterhouses, and with the exception of 
one, they were clean. The one referred to belongs to a butcher named 
Bulliment, and here I found in an open yard, a mass of putrid offal and 
entrails ; I was informed that they are never removed until the butcher 
*^ can stand the smell no longer." 

From the statements I have made, it is evident that the work which 
an inspector of nuisances is generally supposed to do, is in Winterton 
entirely neglected. 

Among those groups of cottages to which my instructions especially 
referred, the only two where I found anything worthy of notice, were 
those b^onging to Mrs. Porkuss and Mr. Bennett. In one cottage on 
the former property, the privy, into which the bowel discharges of a 
patient who had died of typhoid fever had been thrown, was situated 
within 3 feet of the house, the door being exactly opposite the house 
door and close to a window. Like all other privies, it contained 
soil to within a few inches of the seat, and emitted a most offensive 
effluvium. Mr. Bennett's cottages were all dean, and I found no 
illness there. 
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Apperdix. No. 3. — ^Dr. Buchanan's Repokt on an Outbreak of Typhoid Feveb 

•: — at Guildford. 

No. 3. 

On an 

Typhoid Fever § I- Inquiry into the circumstances of the recent outbreak of 

at Guildford, typhoid fever at Guildford was made on September 25-27th, and 

by information since received brings the facts down to October 1. An 

Dr, Buchanan, account of the fever must be prefaced by a short statement of some 

"""" matters relating to the general sanitary condition of the town. 

Guildford is placed on the side of a hill of Chalk, where it is cat 
through by the valley of the Wey. The northern, and more level, part 
of the town, which extends into the parish of Stoke, ai-e on a bed of 
Lower London Tertiaries overlying the Chalk. This bed is of somewhat 
marly sand, and has a maximum thickness of 15-20 feet. But it is 
with the larger portion of the town, built immediately on Chalk, that 
this report is most concerned. 

The Chalk furnishes a perfect natural drainage for the town. Cess- 
pools sunk into it keep themselves dry, and are commonly so inoffeusive 
that they are not emptied for many years together. The water-line in 
the Chalk is of course much below the surface of the higher part of the 
town ; at the lower parts water is easily reached at a level a little 
above that of the river surface ; into the river considerable springs 
from the Chalk constantly pour. The water-level under the town under- 
goes no appreciable fluctuations, cither from changes of season or 
of artificial influences. 

There is no recognized system of closet drainage in Guildford, but 
cesspools into the Chalk are almost universal. Shallow sewers receive 
surface water from most of the streets and slops from the houses, and 
into some of these sewers more or less night soil — chiefly the liquid 
portions of it — is discharged. This is without the consent of the 
authorities, as the sewers were never constructed for such a purpose. 

The water supply of Guildford is derived partly from the public 
waterworks, which are fed by two wells sunk some 20 feet into the 
Chalk at the lowest part of the town ; an old well from which water is 
raised by the power of an adjacent watermill ; and a new well from 
which, from April to July inclusive in the present year, water was dis- 
tributed to the higher parts of the town by engine power. But of the 
1675 houses (1867) of Guildford, only 928 are supplied from these 
sources, the remaining 747 obtaining their water from private wells 
and some few from the liver. 

The population of Guildford in 1861 was 8,032 in 1,514 houses. The 
population is now estimated at 9,000, and the number of houses is 1,675. 
There is some subletting of houses, but very little serious crowding in 
the town. The occupations of the people are various, agricultural and 
manufacturing, but offer nothing to note in the present report. 

§ II. Typhoid fever not unfrequently prevails in Guildford and 
the neighbouring villages. The district of Guildford stands second 
highest amongst extra-metropolitan registration districts of Surrey 
for its dcathrate from fevers, but the best local opinion ascribes this 
circumstance to the frequency of fever in other parts of the district 
rather than in Guildford itself. In the present summer, cases of 
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typhoid had oocurred finom time to time in various neighbonring villages, Afpesdiz. 

and some few in the town before the time of the outbreak under 

question. During the first four weeks of August about 10 cases of fever 2J^' '• 
appear to have occurred in the town, six of them being reported by one Outbreak of 
practitioner. Typhoid Fever 

In the last three days of August cases of typhoid fever came under "^ GvMfird, 
treatment in Spital Street and PanneU's Terrace, high lying and usually j^^ sJchanan, 
very healthy parts of the town. In the first two days of September a ' _ 
few others came under observation, and on September 3rd and 4th a 
surprisingly large number of people sent for medical assistance and 
were found to be suffering under the same fever. In the first 10 days 
of the month a total of some 150 cases had come under treatment, and 
this number had increased to 264 by the end of September.* A 
singular circumstance soon forced itself on attention in connexion 
with this outbreak. Whereas the few cases that had previously 
happened in Guildford had been scattered through the poorer low 
lying parts of the town, this sudden outbreak was restricted with 
fdmost absolute precision to the high levels ; well-to-do people were 
affected as much as the poor ; streets in various quarters of the town 
were afiected ; the best kept houses were invaded as much as dirty 
ones. Except the coincidence with high level, there was nothing 
approaching uniformity in the distribution of the epidemic.f 

The outburst reached its greatest intensity before the middle of Sep- 
tember, and thenceforth declined pretty rapidly. Meanwhile a very 
few cases were occurring at other parts of the town. At the time of 
inquiry only a few new patients were coming under observation, and 
these were increasing in number in parts of the town that had not been 
affected by the first explosion. 

Looking carefully for any condition which might coincide in distri- 
bution with the fever, it was soon seen that drainage could have played 
no direct part in the result, inasmuch as there is no system of sewers 
in the town, and the parts affected were those whose natural drainage 
is the best. Other suggestions having been put aside as not meet- 
ing the broad facts of the case, only one condition was to be discovered 
generally coincident in distribution with the outbreak, and that was the 
hiffh service of the town water supply. 

More particular inquiry was then made as to the source from which 
each affected house procured its drinking water, and it turns out that 
all the houses ^rst attacked at the beginning of September were sup- 
plied with water from the high service. A few exceptions to the abso- 
luteness of this rule were in school children and others who, living in 
houses not supplied by high service water, spent the hours of the day 
in houses that got their supply from the high service. In the latter 
part of September new attacks had been less exclusively distributed to 
such houses. 



• Hie mortality of the ferer cannot yet be stated. Only three cases had been 
iktal at the end of September. Some other persons who were then ill haye died 
while this report has been in preparation. Eyidentlj the deathrate will torn oat to 
be very low, a &et of interest in connexion with the transitory operation of the 
^»parent eanse of the fever. 

t The parts affected by the outbreak are all on Chalk. Sporadic fever has shown 
no preference for the ChfOk, rather ffxt the more level and lower lying Tertiary parts of 
the town. 




Of tliB total number of 264 cages of fever that Lave ORCurred in 

ford in August and September, 177 have been in the 330 lionses that 

■ ' ■ » .. 1 ■ . aaina ; only 30 have occnrre 



derive thoir water from the high 



Oalbrealt of 



n Ihe 598 houses tliat e 



: Buchanan. , 



and 57 cases in 
Tf/phoid Freer 747 lioiises that take no water from the public works. Even tfaes 

at Ovihlford, figurea show an incidence of the fever on the high service koueea b 

. *', times as great as on the low service ; but this does not express ll 

true Hmilation of the outbreak. If the few sporadic cases oconri* 
before August 29th, and those that did not occur until the end of S 
tembcr, when the disease was getting more ditihsed, be excluded, tl: 
remain not more than two or three dozen cases (out of the 150 that occurraAf 
between August 28 and September 10) in bouses that did not get h^ 
service water. And if deduction be made of the school children above n 
tioued there remtuu less than a dozen persons attacked in this fortni_ 
who Idd not had daily and hourly access to the water of the high ecrvtcek 1 
{See pottcripl.) The experience of all the medical men has been com- I 
bined in this conclusion ; but the practice of the Surrey County Bospit^ 
may be quoted in illustration. Careful inquiry by the resident raedic&l 
officer showed that of 39 cases coming under treatment there between 
September 3 and October 1 (he had seen no fever for vreeks before) 
26 lived iu houses supplied by high service water, 4 in houses supplied 
by low seivice water, and 9 in houses that got water from their own. 
wells. But of these last 13, 10 were children who in August went to [ 
schools supplied by the high service water. Two of tlie other three 
cases did not come under treatment till October I, and the third v 
September 20th at a village three miles off." 

The coincidence of the fever outbreak with the area of high service 
water supply being thus strongly marked, and the cause of the disease 
having evidently come into operation about the middle of August, it wa» 
tct first eight perplexing to bo told that since the beginning of August J 
identically the same water had been delivered to both the high and the I 
low service diati-Icta of the town. The engine which pumped water I 
from the new well to the high service mains and to the high servica J 



• Mr. Taylor had had GO cases of Ijrhoid. lillle or none before September Sni. 
His earlier cases were all id Louses supplied by high nerrice water. Id idl 43 of ttie 
cases had been in houiei so supplied ; 7 had been in boose* on tbe low service, and 
these included ■i duldren who went lo schoul in tbe hi^jb service districi ; 8 were in 
haoseB nilh wells, and of these pcraonE 5 ireut lo eehool ur where emplojed where 
high serrice water w»« in use ; iwo cBses were bejond the lown in persons who had 
worked in houfles umilarly snpplied. Very aimilar dislribntion had occurred in 
the practice of Dr. Slednum, Dr. Alorton, Mr. Eager, Mr. Butler, end Mr, BcttolUd^ 
and tbe outbreak iii the praclice of each of these gentlctnen had occurred about At 
•ame day, and was at first wholly in bouses supplied bj bigh senice water, scarcely 
any cases of the fever having beeu previously under their care. Tbe most nameroni 
cases of scattered fever had been in the practice of Mesai«, Sella and Wilson, pro- 
bobly from the clrcDinsIance of their holding a poor-law appointment in an unwhole- 
some dislrict. Their ciperieoce, thoogb not identical in form with the rest, ia whtdlj 
confirmalory of the above conclusions. In the first aS days of Augnsl Ihey had no 
«ase of fever in booses supplied by the high service, one in a house supplied by tha 
low service, three ia houses of the town supplied from wells, and five cises in the 
tbe sarroundiDg country. Id (he IT days, August SSth to September Uth, theDumlxr 
of attacks among their patients whose bouses are on the high service was SS, is 
houses on the low serrice three ; in houses with wells, nine j and in country part* 
six. Iu tbe Ifi dajs September 15th to September 3yih the new attacks in high 
service bouses had dimioiriied to 14, but tbot>e in bouses supplied by low serviee had 
risen to six, those in houses with wells to 10, lad those in the coimtry districts to eight. 
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reservoir had broken down on August Ist, and from that date no water Appendix. 

had been pumped from the new well, but the high service mains had 

been charged by the water-wheel in connexion with the low service, and ^* ^« 
the water to both services had been that of the old well. OtdbaUk f 

On further investigation, however, it was found that some water from 'l)fphoid Fever 
the new well, raised on or before August 1st, had been stored in the new «^ GuUdford, 
high service reservoir, and that on August 17th, the water wheel being j^ b hamam 
on that day under repair, this stored water was distributed to the high * ^__^ 
service houses of the town. It was distributed on no other day and to no 
other houses. These 330 houses therefore on which the fever almost 
exclusively fell had received a different water from the other houses of 
the town, viz^ water from the new well, stored up from August 1 st, 
and delivereaon August 17th. The statement may be repeated that 
no other condition could be found, on careful and detailed inquiry, at all 
coincident with the outbreak of fever. 

Analyses of several waters of Guildford, including that which the 
circumstances mentioned had brought under suspicion, have been made 
for this report by Prof. Miller. The results with Dr. Miller's conunents 
on them are subjoined. 

^ Four samples of waters were received duly secured in stoppered 
glass bottles, and labelled as follows : — 

1. Old well, GuUdford, September 26^ 1867. 

2. New well, GuUdford, September 26, 1867. 

3. MiU Tail, GuUdford, September 26, 1867. 

4. Guildford new reservoir, October 1. 

In the first three samples there was an extremely scanty reddish 
sediment ; the fourth sample was quite bright. No sensible colour, 
smell, or taste was exhibited in any of the samples, except that from 
the mill tail, which had a faint yellowish tinge and a slightly musty 
taste. They are chalk waters and soften considerably on boiling ; and 
like most chalk springs seems to soften by exposure to the air. That 
from the reservoir, where it had been standing for two months as Dr. 
Buchanan informs us, is considerably softer than that taken newly from 
the well. 

There is nothing remarkable in the amount or quality of the saline 
matter, a little ammonia and a small amount of nitrates are present : 
the anunonia derived probably from surface drainage ; it is distinctly 
more in the new well water than in the old. The amount of nitrates is 
small in all cases. So also is the quantity of organic matter, which 
however, is decidedly greater in the new than in the old well. After 
standing in the reservoir for some weeks it appears, as is usual in such 
cases, to have undergone a partial oxidation, the quantity of nitrates 
having increased, whUst that of the ammonia and organic matter has 
distinctly diminished. 

• 

The aeration of the water from the old well is perfect ; that from the 
new well very defective. But this water after it has stood in the 
reservoir (specimen No. 4.) has nearly recovered its proper proportion 
of oxygen. The water ft'om the new well. No. 2, appears to have 
contained some putrescible or rapidly alterable substance, which has 
absorbed a large quantity of the dissolved oxygen which spring water 
ought to contain. 
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I subjoin details of the analyses : — 



No. 3. 

On an 

Outbreak of 

T)fphoid Fever 

atGmldford, 

hy 
jDr» Buchanan, 



Guildford Waters. 



Old Well. 



2 

New Well. 



MiUTaiL 



4 

New 

Eeservoir. 



Appearance 
Colour 



Nearly bright 



Taste and smell - - - - - 

r Hardness before boiling - 

Clark's Scale. < Hardness after boiling one 

L hour - - - - 

Total solids in gra. per gall. - - - 
Fixed salts ------ 



Volatile and combustible matters 
Nitric acid, N^O^ - - - 
Ammonia - . . - 



Gas in cubic incbcs per gallon 

r Carbonic acid, CO^ - - - 

< Oxygen - - - - - 

|_ Nitrogen - - -• -. 

Ratio of oxygen to nitrogen - 



None. 
15®' 1 

23-2 
: 22'7 

0-5 

1*20 

0-01 

16-30 
7-74 
2*85 
5-71 

l:2'05 



_ r Slight 
\ yellowish 



{ 



None, 

16''-2 

4^-1 

24*0 
23' 2 

0-8 

I-IO 

0-02 

19' 49 
8*18 
1-17 

10-14 

1:8-6 



Bright' 

} 



sr. l"- 



8^-7 
5°-9 



13-4 
12*5 

0-9 

0-20 

0-01 

• 

15-22 

4-11 
2-89 
8-22 

1:2*84 



10«>-7 

21-8 
21-4 

0'4 

2-05 

0*007 

16-30 
6-19 
2*98 

7-18 

1:2-4 



Respecting the source from which the water of the new well might 
have received the impurities detected by Dr. Miller, it was first neces- 
sary to consider the accidents to which the well might have been 
subjected since the time at which its water had been last pumped.* In 
answer to questions on this point, Dr. Miller has furnished me with 
the following opinion : — 

" r would state in reply to your question, * Wliethor the peculiarities 

* of water No. 2 from the new well are either wholly or in part accounted 

* for, (1.) by the partial stagnation of the water during a period of two 

* months ; or (2.) by the entrance of the following substances into the 

* well : pieces of wood, oil, cotton-waste used in cleaning machinery ?* 
That I see nothing contrary to the opinion, that the absoiption of 
oxygen noticed in the analysis should have been occasioned by a partial 
stagnation of the water in contact with such substances as those above 
enumerated, particularly the oil and cotton-waste used for lubricating 
machinery. I should also think it probable that some contamination 
•with animal matter of excrementitious origin had occuiTcd. Though 
certainly not to any largo extent, the presence of ammonia points^ how- 
ever, unmistakeably to this source of contamination." 



* The bulk of the water that remained stored in the high service tank on October 1st 
was, as Professor Miller points out, perfectly clear. But a small quantity con- 
taining sediment was procured for me by Mr. Taylor. It showed to the microscope 
mainly crystals of carbonate of lime with much organic detritus, among which frag- 
ments of decomposed dotted, woody fibre were distinguished ; and brol^n portions of 
some entomostracean. Nothing was seen resembling a fungus neither in the first 
deposit nor in the lighter secondary sediment from the water. 
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The next point for consideration is how excrementitious matters could Appsianx. 

have got into the new welL Not analysis only, but physical considerations 

show that the new well is supplied by a different spring in the Chalk ^* '• 

from that which feeds the old well : for the old well is UDafiected qJSI^ ^ 

in level when the water of the river is drawn off; the new well Typhoid Fwer 

is reduced in level on such occasions. Then it is known that the new at OuiU(ford^ 

well gets its water not by percolation only, but from a fissure in by 

the Chalk : for at the time of construction of the new well very ^' Buckawan, 

little water was obtained, tiU, somewhat suddenly, an abundant supply 

was reached, so abundant that the ordinary power of the engine 

could not empty the welL Now into this fissure or into the Chalk around 

the well, it was certainly easy for excrementitious impurities to have 

entered. A sewer runs within 10 feet of the well, through which sewer 

the iron delivery-pipe of the high service passes. The same intense 

vibration (alleged to have been due to the want of a valve in some 

critical situation), which broke down the engine on August Ist^ is found 

to have loosened the bricks in this sewer, and to have caused some 

escape of its contents, though not to any large extent. The sewer, 

though in the main receiving surface water only, receives the excreta 

from certain waterclosets and the overflow of cei*tain cesspools in and 

about South Street ; and into a branch of this sewer in an adjacent 

alley, just above the fracture, certain privies used by many poor families 

also discharge the liquid portion of their contents. There is reason to 

suspect other leakage from these drains and sewers, all of which are on a 

higher level than Ihe well, and ai*e in close neighbourhood to it.* [^See 

JPasescrtptJ] 

Mr. Taylor and the surveyor have kindly helped me to inquire 
whether impurities derived from this source of probable contamination 
could have included in them any specific typhoid matter. It appears 
that at one house in South Street there was a case of typhoid fever in 
July under the care of Mr. Sells, but the slops only of this house pass 
into the sewer and not the matters from the watercloset. In the houses 
that drain into the sewer and lie near the new well there was typhoid 
fever a year ago, but none since. f 

It here arises to point out that not only this particular new well, but 
many of the wells of Guildford, must be exposed to danger from sewage 

* There is no chance of impurities haying entered the ^ ater -while it iras stored in 
the new reservoir. This is covered, high on a hill and away fVom all detectable risk. 

f Another suggestion has been made as to sources of impurity in the drinking water 
of the town. There exists a communication between the river and the pipes of the 
waterworks. This is said to be very rarely used, and only for the purpose of getting a 
first sucking power to the pumps ; and it is stated not to have been used at aU daring 
the present summer. However, since the termination of this inquiry, a specimen of 
water has been sent to me that was taken direct from the high service mains at 
Charlotteville ; it contains much dark sediment, and shows by the microscope 
diatomacess and other organic forms that have almost certainly been introduced from 
the river. It will be remembered that the water now being supplied to the high 
service mains is professedly wholly from the old well. Could some river water, 
temporarily and even without knowledge, have been on some previous occasion 
delivered to the high service system ? At all events it is to be wished that any 
communication whatever with the river should for the future be discontinued. 

F.S., Dec 31, 1867. A paragraph in the *' Lancet " of November 30th, states that 
^ it is now known that there were not only means of conveying the water of the river 
Wey into the well supplying the town wiUi water, but that it was the practice three 
times a week to turn the river water into the well.'' But according to the most 
accurate information obtidned both at the time of the original inquiry and lately in 
answer to direct qaestionB it does not appear that there is any foundation for this 
ftatement. 




f. Buehanan. , 
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BiArreiiDii. contamination, and lutt«r!y to b much greater extent tlmn fomterlj. 1 

— ^ Until the lost few years the ordinary house ceeapool into the Challc] 

Ho, 8. received but little liquid matter, but recently tlie Local Board, with H 

Ou^reak of object of keeping down cesspool emunations, has had the privies codvertoi 

jjAoid FtBtr '"to trapped walerclosets (still connected with the cesBpoola) requiriBjj 

at GuiM/onl, agi'eAt deal of water to be thrown down tbem to keep.theni clean. 

"" doubt the great advantage of keeping away stinks is procured by tl 

'- means, bnt it must be at the cost of saturating the porous soil mucUl 
more rapidly with the soluble parts of cesspool contents. A risk is thoia 
introduced of passing into the wells incompletely oxidized derivates of ■ 
excrement ; especially if the well be near to a cesspool, or if it bs I 
supplied by considerable fisflurea in the Chalk, would this risk of pol*' 1 
luting the wells become formidable. I 

A point in the natural history of typhoid appears lo receive elucida- J 
tiou, if the deductions of this report as to causation are correct. The I 
water which is believed to have been the " cause " of the outbreak wu T 
delivered on August 17th, and on that day only. The first cases oftha i 
fever came under medical obeervation on August 28th ; after tliat t 
or three each day, and a very large number on September 3rd and 4th. 
With allowance for the varying time that would elapse in various cases 
between the occurrence of the first symptoms of typhoid and ifae 
sending for a doctor there is enough correspondence in these d&tes to i 
fix the occurrence of the first symptoms in a great proportion of < 
on or about August 28th, or 11 days after tlie operation of the eansb'fl 
Inasmuch as other coses occurred in considerable numbers for severa) f 
days afler September 4th, it may be that in those cases there v 
longer incubation period. This docs not, however, upon such informs 1 
tion as is available, appear to have been necessarily the case ; 
of the high service houses are furnished with cisterns and othere win 
large underground tanks in which tlie water received on Auguet 17thJ 
would be stored ; mixed, indeed, more or leas with other watof 
delivered before and after, but not necessarily loaingany noxious quali^ 
it might have possessed until a considerable number of days had~l 
elapsed. The houses in Panuetl's Terrace were attacked particularly 
early and" suddenly. These have no cisterns, but take their water 
direct from the mains. 



Postscript, December 31. — Mr. Tayl t De mber 21: "I 

tid^c upon mj'Stilf to inform you that yo up a to the perco- 

lation of sewage matters into the new w U ha e b n now rend 
almost certain. The engineers employed n h epairs of the si 
engine noticed some exudation on the wall f the n^ ne house i 
the alley where the aewer runs, and the p t f tl fly heel co " ' 
a notable quantity of the same. As th x dat n had the s 
sewage, the ground was opened in the all y at a po nt djacent to ' 
engine house. The sewei- wos found 1 k n n us places i 

the soil between it and the wall of the ingine house was saturatei 
with sewage of which as much appeared to run outside as inside tl 
sewer. This was found to be on old-fashioned 12-inch drain i 
strucled with red unglozcd gutter tiles, with butt joints and comi 
mortar. The tiles forming the lower half of the cylinder were il 
places com]>lotely worn away, and at one point several f 
tbem were missing, and the upper tiles had fallen in upon the t 
below. All the joints gave exit lo water, and the ground was a qiu 
— ' " filth beneath and on each side. Daik coloured fe: ' " 
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it and and removed in baakcta, makiog the men vomit 

yed in the work." — Mr. Taylor further informs me that 

3r of deaths from fever, up to tlic end of the epidemic 

g three or four who died in other districtB after removal Oaibnak 0/ 

■nd that the last death won 011 Nov. 2^nd. On a rough Typhoid Fetur 

gives the total number of ca^es of fuvcr from Auf;uBt to "' GuiUybrd, 

). He mentions thai nmonp; the few early cases (" lees _^, 

fxt, p. 86) of fevev which did uot appear to In: couneclcd 

bigliBervico wutor supply, lie Imn aincL- luarnt that three 

Jaded who shortly bolbre their nitack went from their 

IT part of the town to a house within the hi^fh-acrvico 

rank freely of the water supplied to that Iiouac ; it was 

ireo deaths from fever subsequently occuiretl. 



r. BytchatutK. 
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Ko. 4. 

0»m 
Epi4tmie<f 
T^haidFivtr 
at TtMing, jy 

1868.) — The Lords of Iler JIajesty"s Conneil having Dr. 7»o™«. 
■at A vcrioiu and sudden outbreak of fever hud occurred 
if Torling, in Essex, I was inslnictcd by their Medical 
lat of December XHGT, to proceed lo the spot in order to 
e cansCB and nature of the diseuse. I accordingly 
\ on that day, iind reiiiuined there till the 2^th of 
on tbe 6th of Junuiiry I, with renewed instructions, 
e place, and again I'emainud there until the 13th. I 
rt the result of my iiujutries ou those t»'0 occasions, and 
jations which I made to the local authorities. 

lated in the Witham Union, and lies four miles lo the DeiicriptwB of 
ni> According lo the inve^ligutions made by Mr. W. place. 
Geolt^ical Survey of I'^ngland, it is placed on a l>ed of 
ieh comes to the surface ut the butlom of a small valley 
itream flows ; ou either side it is covered by a plateau 
iceaoional beds of ennd, on which, with one or two 
be dwellings stand ; further still iVoiii tlic sti-caoi, and 
ge, lie patches of Boulder clay, known locally as jtfarly 
ntiT Jbr many miles around is generally flat ; land 
t ptentiful ; water is found in great abundance in ponds 
J the roadside, and tlic atmosphere is unusually moist. 
i throughout the county, the emallness and scarcity of 
W that a great portiou of the rain that falls penetrates 
le village itself, though scattered over an area of several 
ally collected on the gradually eloping banks of a rivulet 
vhicb, flowing south woiils, empties itself into the Black- 
3Be banks, however, are of a very undulating character, 
erling Place, the residence of Lord Riiylcigb, and the 
' anything but labourers' cottages are to be seen through- 
and these are almost without exception of the poorest 
my ore constructed merely of lath and plaster, con- 
■, with a thatched roof, and the whole fixed on a bnsis of 
n cansist in great part of wood, which is often in a rotten 
■tate ; some again, of more recent date, are built of brick. 



Epidemic of 
Tsphoid Feirr 
Ut TerliHg, by 
Dr. Thurne. 
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The inhabitants of Torling present many cbaiacteriBtics of ^^ 
interest. They are all very poor, the general wages for the mea 
varying year by year from 10s. to 12«. a week, some receiving 12«. u 
14s. ; many Bcldom taste fresh meat, and a few of them only occasional 
procure a piece of bacon or a herring. I saw one Sunday dinner talJ 
spread only with carrots, turnips, and a plain dough pudding, erei ' 
was absent. The ordinary dinner consisCa of bread and cbecse. 

Socially there ia nothing which can tend to raise or elevate the poople^l 
no middle-class esiste for thora to imitate, or to which they eon aspire tol, 
rise ; there is almost a complete gap between the few wealthy residenU'l 
and the poor labourer. The population is about 900, and fora long time V 
there has been no variation in this number; this I was told has been mainly I 
due to the fact that now-comera have not, as a rule, been well received I 
there, owing to the desire not to increase the paiish rates, and the paoung^ 1 
of the Union Cbargeability Act has not us yet occasioned any difference la ( 
this respect. From the description which I received of the villagers it I 
appears also that lliey have a tendency to isolate themselves, many hardly I 
ever leaving their own pariah, even to visit a neighbouring village, and | 
hence they intermarry lo such an extent, that "half the people are related J 
to each other." They ore intellectually and physically of a low type, Ihera 1 
arc among them eight or nine idiots and imbecile children, all seem dull | 
of comprehcusioD, and "hardly a well-built man is to bo seen." An ex- ' 
Iraoiilinai-ily large number of them are the victims of phtliisis and 
scrofula ; this may be partly accounted for by the numerous inter- 
marriages, partly by the moisture of the soil and the almoapliere, and 
the entire absence of all drainage. Ague waa very prevalent throughout 
the neighbourhood until about the year 1840, bnt it is now only seen on 
fare occasions. There ia much intemperance in the place, illegiltmate 
children abound, sometimes many in one family, and so distingnishing a 
merit is it deemed for a girl to marry without being pregnant, that to 
each such bride, a principal benefactress of the village is in the habit of 
giving a special wedding gift. 

At Terling all the nuisances which arc generally associated wilh out> 
breultaof typhoid fever exist in great and nntisual abundance, and all that is 
necessary to produce conlnmication of air, soil, and water is to be found 
throughout the village. The cottages are literally surrounded by every 
Bpecica of nuisance that it is possible to conceive ; slops and ashes are 
thrown down on the nnpavcd yards and gardens ; manure heaps, cesspools, 
and masses of decaying vegetable matter lie round about. The privies, 
none of which have a properly constructed tank for the reception of 
fiEcal matter, are in many instances in n most dilapidated state, and 
owing to their being frequently constructed of wood, the back is in part 
broken away, and the filth either lies in masses on the ground, oi* 
else is collected in large holes which have been dug out for that pur- 
pose; and as Lord Raylcigh haa granted nllotmenta of ground to his 
tenants, they cherish and store up tliese foul accumulations, nominally 
for the purposes of manure until they ossame a magnitude which none 
bnt those who have seen tliem can believe in. Surrounding one cotlagp, 
and within a eirctunferenco of 20 feet of it, I found one pigslye, three 
manure heaps, two cesspools, and a privy, the contents of which 
extended about 12 feet down an adjoining field. 

In the central part of the village, each cottage, or each group of two 
or three, has its own well, and if the ground ia at all undulating, it ia 
invariably placed at the lowest point. These wells which are all 
sunk in the gravel, are aa a rule uncovered, and are merely Imed with 
bricks placed loosely one above another, without any cement or plaster j 
their depth, which variea from about fi feet to 40 feet, agrees with the 
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increase in the rise of ground. On a higher level than these wells Arpsmaz. 
and everywhere surrounding them, lie the various nuisances just enu- xTT! 
merated, and since the soil is of a very loose and porous nature, and one On an 
which easily admits of the percolation of fluids, the closeness of such Epidemic ^f 
sources of contamination to the cottagers' drinking water is seen to bo Typhoid FwtsL 
fraught with the greatest danger. Some of the cottages lying in the at TerUng, 4j 
outskirts of the village have no wells, and those who reside in them are ^' ^^'wiie. 
therefore compelled to fetch their drinking water from ponds in the """" 

addjoining fields. All the drainage from the field ditches, and at times 
from the roadsides runs into them, the cattle frequent them, and in 
summer they are, to use the expression of a resident, " nothing better 
than stinking pools.'' In only one instance did I find that the river 
water was used for drinking purposes, but in this case at a point whei*e 
the stream was little better than a sewer. 

Overcrowding is almost everywhere met with, and at the present time Prevalence of 
it existri in its worst form ; two and three fever patients are frequently overcrowding 
seen lying in one bed, whilst several of their healthy relatives occupy 
the same room. In one instance I found a woman suffering from the 
epidemic disease, occupying with six of her family, a bedroom mea- 
suring only 10 feet long by 9^ feet broad, and 6 feet high, the chinmey 
was blocked up, and the only window was less than 3 feet square. Here 
each individual had less than 82 cubic feet of air, and ventilation was, 
as indeed almost everywhere, entirely neglected. 

The epidemic from which Terling is suffering is well marked typhoid Description o 
fever. Cases of this disease, Dr. Gimson states have been seen about epidemic 
the village for five yeai's (his knowledge does not extend further back), 
and in Dec. 1862 and the early part of 1863 about 40 cases and five 
deaths occurred ; since then occasional instances have been met with, and 
during the past year at least one case has been seen every second or 
third month. The present outbreak is most alarming both in its mag- 
nitude and the suddenness of its occurrence. Almost entire families 
are attacked, a father only remaining in some instances to nurse and 
attend to his wife and a large family of sick children. The disease 
is of unusual severity, the characteristic rose spots are very abundant^ 
and hoemorrhage from the bowels exists in a large number of 
cases ; great prostration of the nervous power is evident from the 
first day of the affection, and in some instances the patient seems to be 
almost instantly overwhelmed with the intensity of the poison. A 
woman who is at her wash tub one day is dead three days after, a 
girl strong and hearty at the commencement of the week, passes rapidly 
into a state of insensibility and dies in a few days, before the special 
characteristics of the disease have had time to manifest themselves. On 
the 13th of January 1868, 208 persons had already been attacked by 
the prevailing malady, and several fresh cases were daily occurring. I 
do not include in my number cases of so-called diarrhoea (possibly 
all mild cases of typhoid fever) which were only accidentally heard of and 
which probably were numerous, though not of sufficient severity, to call 
for medical relief. 

With one exception hereafter to be mentioned, the disease seems to 
date from Dec. 4th ; during the following 10 days 30 fresh cases were 
seen, but on the li>th, 16th and 17th by far the largest number were 
attacked, 22, 19 and 12 cases occurring respectively on those days. After 
this though the daily number of fresh cases was by no means so large^ 
Btill a steady increase took place. The villagers were everywhere 
alarmed, for owing to the many intermarriages, everyone had several 
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relatives attacked, some dangerously bo. Aa yet, liowever, only one 
death had taken place, namely on Dec. Hth ; but, wfaen tlie iLird week 
of ihe epidemic bad arrived a Btcady and gradually iocretisiti}; deatli rate 
. commenced, and on llie 30tb, twelve of ifae patients had died, and otben 
, were dying, Terliug.wna now completely panic-strieken, and the moral 
, efiect of tbe tolling of the church bell at the death and funeral of the pa- 
rishioners seemed so prejudicial not only to the eick but also to those who 
Etill remained unafl'ected, that I lliought it right to suggest to the vicar 
the immediate discontinuance of tlmt ordinary custom. Woraon with 
tears flowing down their cheeks called from theh- cottage doors for help, 
■nd everyone seemed to dread the prevailing disease. No class of per- 
oons was exempt; the rich, the well fed and clad, were attacked in common 
with the poor and destitute. At Lord Kayleigh's residence 10 caeea 
had occurred, the Vicar's house was n seat oi' the epidemic, and from one 
end of the village to the other, the disease seemed to he almost evenly 
spread. 

Age and sex seemed to present remarkable peculiarities, thus: out of 
145 cases whose ages I was enabled to obtain, 79 were children under 
H years of age, and of the remainiDg 66, 50 were females, leaving only 
16 males whose ages exceeded 14 years, out of the entire number 
attacked. This I believe is to be accounted for by tho fact that the men 
and the rnqjority of tho boya over 1 4 yeai's of a^e, spend tho greater 
portion of their time away from home, labouring in the fields, and that 
they priudpally drink beer, whereas the women arid children are left at 
home, and procure a eonaidernble portion of their beverage fj-om (ho 
wells i tho children drinking directly from them much more freqiienfly 
than the women, owing to the latter consuming a good deal of ten, in 
making which the water ia of course boiled. 

The first case of typhoid fever which has occurred in Terling for two 
or three months, is tlmt of a young woman who lives at Loi-d Rayleigh's 
dairy (vide map, A),and the attack, in this inatance commenced on tho 13tli 
of November. A month previous to her attack however, it appears that 
she hail just returned from Somersetshire, and a few days after her arrival 
at home, she was seized with diarrhcca, or as she terms it, "a bilous 
attack," which she thought was induced by drinking beer, after having 
for some time been accustomed to cider. This indisposition lasted 
for about three days, and then passed off ; but three weeks afterwards, 
however, an unmis taken hie attack of tyjAoid fever, marked with an 
abundant eruption of rose sjiots, and severe hajraorrhago from tho 
iKiwels commcnoMJ. When I first saw her on Decemlier 22d, her 
bowel-symptom a had but recently ceased, anil she was still in a very 
prostrate condition. This patient, in common with her father and 
mother, procures all her drinking water from the rivei' which flows 
\sj the side of their house. The water, which has a very dirty appear- 
ance, is collected at the foot of a few steps lending from a yard down to 
the Htrenm. Three feet from this spot, n pipe which conveys all the 
drainage from the yard and the wash-house, empties itself into the river, 
and 12 yards lower down the stream ia the privy which belongs to the 
dairy, the entire contents of which fall into the water. On making 
inquiries, 1 foimd from those who Hved here, that at times, owing to 
the scarcity of water, the river at this spot is in nearly a stagnant con* 
dition, and (he water must therefore under these circumstances become 
well saturated with faical matter, to say nothing of the sui-face drainage. 
But in addition to this, the dairy lies at tbo extreme south of U)e 
Tillage, and since the stream flows towards it, the contents of sci-eral 
ditches which I saw passing from privies to the water's edge, must 
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it wae olwara boiled before mjone ued it, 

I mode i^refnl iiK)uir)efl,iii<inler lo sacerbuo whether it wae poMAl* 
thftt tlie milk supplied from thb dsirj, could, after IwTin^ been dOned 
witb the rirer water, lisve awed the geaerat oaUmmk. KothiH^ 
bowever, eeeroed to support this idea, lor the milk it the p it if K ttj rf 
Lord lUrleigh, and the dairy-womui receivee from hiaa a weekly I 
Btipeud quite irrespectiiT of the 4|iHaiilf of milk which Ae aeOa. IW J 
mnjoriiy of the villapere drink tkinmed milk which th^ ohtam al »: j 
Domiual price, and it it erident that bj adding water to it, the daarf 
woman K-onld odIt be giving herself additioiMl iraaUe, withoat heiiif . 
in any way a gainer, and her droial of ta^ a pneliec is aB the maw I 
to be clepended on, bocaaec the inlwbtiaota of iheae tottagci who^J 
there bos been no disease dnrit^ the ei>id«*nic, fci their milk tiram' ' 
this dairy as well ad ihuse amongst whom t/fiheid ferer baa beea aa J 
prevalent. 

Jiefore describing a few of the mo«t interesting examplec which Ooa 
occurred during ibe general ontbreak, I would note tint Mme of them n-"l 
Eeem particularly In Uluilrate a queetion at prewnt niMlrr fcJciiiifk di'- '"" 
cassiou. The general tendency of the evidence which I obtained, it u> fJIf^^l^'^ 
the effect lUut the water supply of Terliug was the gtval infective infi»- 
encc, and it will be observed that some of the following cases not only 
conduce lo that general conelufion, but also seem very definitely lo 
connect the outbreak of diEcase with a parlicnlar change in the level 
of the eiirfnce water. Everywhere I was iufbrmed that the water in 
the wells had gradually sunk daring the latter part of the nimroer and 
aolunm ; in llie sballow ones this bad been tinmistakeably eeen, in some 
of the deep ones I foaod that the rope holding the backet had to be let 
out to an unnsaal lengib, and in one instance I was told that tiUv the 
latter had be«.'ii lowered into (hu welt, ench was the scarcity of water, 
that it bad lo be o^illaled to and fro, in order to get any in. The date 
at which the water reached its lowest point varied according to the 
altitude on n-hicb fbe well was ])laced, and also to its deplb. One had 
been empty two months preceding my visit, a second three weeks, 
in others ibe water had been gradually sinking until the latter eod of 
Ilovember. Following this drought, came a sudden flow of water into 
all the wells, and this I was generally informed took place about three 
or four weeks before I arrived at the villaee. In three cases, however, 
I was enabled to ascertain the eiact period of its occurrence, and tbns 
10 trace out the connexion which it bore to the disease. A few instances 
will make my meaning plain. 

In one of the most popolous parts of the villi^ stands a row of 6ve IlIulnttaM 
cottages, iU-constructetl and liadly ventilated : they are built of woo<l, o'"'' **?™" 
and are called the Old Workhouse Row (yide map, B.) Behind them ^^ 
stand some pigstyes and nccumulationa ol refu^ ; ashes aud slops of 
every deecripUon ore eviilently thrown into the yard in front, which is 
unpaved and the ground has every appearance of being sodden with filth. 
In this yard is an uncovered well for the use of those who inhabit the 
row. At cottage No. I. there has been one case of typhoid fever, at 
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Atfbndix. No. n. oue caac and one death, at Xo. IIL two cases luid one deatli, a 

Ho. IV, tliree cuses, and at No, V, two caeee. The water i 

No. *. lYuil I asceitained iind very gradually sunk during the surame) 
V? " - lifter having remuiued empty for ahout two months, during whiolu 
'TipAoirf Fecer ^""^ '^^ tUose living here procured their water fi-ora a neighbouring* 
at Terling, hy Well, bearing the name of " MidiUedilch'a well," (vide map, C), it rosa 
Dr. Hiome. agnin towiu'ds the end of November. A womiui living in the first 
ittage vtBA delivered of a child on the I9th of Kovember, nnd shs 
[ible inconvenience owing to there being no water 
at hand with which her lineu could be washed. Exactly one week 
after the birth of her infant, that is to say on the 2Gth of November, 
water was again found in the well, it was immediately procured for tbe 
use of her houso, and it was also on that day used for drinking pur* 
poses. The first case of fever in this raw occurred in (his woman's 
fajuily on the 6th of December, 10 days after the rising of ibo eurfaco 
water, or in other words, tho period which elapsed between that event 
ajtd the outbreak of the disease corresponds to what is generally ad- 
mitted to he about tho period of incubntion for typhoid fever. Chi the 
9th of December, two more cases occuixed in this same block of 
cottages, another on December the 12th, and three more on the 15th 
At first sight the connexion between these latter coses and the rise of 
the water seemed to be less distinct, but on inquiring more minutely 
into the matter, I ascertained that in all the other cottages, although 
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river. This ponko of the Acid u ao ■ 
be coDviened iiilo a fiwl awai 
metosa. Utree janb from ibe Hiai^m of lUa flow of tUk, ^ti m ■ 
Tei7 much lower level a the well n£emd lo aa " Miifleifiich'a. It ii 
titioat, 5 feet deep, and owing lo its ray low ailaatiaa it ii aanr kaiaa 
to be emptj. This well aoppUca the kmt uiIIuliii jaiil acMiaaed, lai 
it ie impossible ibat it can be labii wiiwi ikaa aeaiaarfj ooal^BBMed liy 
the faecal tsatur nuulng fraaa ibe abev«-BflMe4 |nviea, iadeed ftaa iM 
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piiety of this conclusion ia cwifirmed by the fact i 

wdl called " Liuea' WeU," (nde map, D), which ij 

slightly lower Wei than MiddWitch'i, and like ii - ._ 

be empty, the fall and tbe rise of the water were obierred lo lake place, 
although not to so cooeiderable an extent as in weQa which were placed 
on higher ground. 

In another part of the village are two cottage^ the first of which ia 
occupied by a family named Ave^ and where I »w five well-marked 
cases of typhoid fever, ia Uie second I saw one (ride map, E). About 
10 feet from these cottages and in a garden belonging to ihem ii 
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«tna1«d the well ; 20 Teet from this well is s deep cesspool looaelj linei} 
with bricks which contains the drainitge from the privies of nn adjoioiDg 
large bouse, and within 12 feet of it a priv^ which poura its contents into 
I eecond cesspool. The water in the well I wits informed hftd been 
ixceedingly low, especially about the 20tli of November. The woman 
, from wl>oni I derived this information, and who lives in the first- 
named cottage was tiiken ill a few days nfter this dale, and was unaUe 

to leave the liouse for an entii'c wefk. Almost the first time she 

[Unsttationa of ventured out she went to the wt-Il, and she remembers being sar- 

.hecirciim- p^jiicd ihat the amount of water in it hail so greatlj increased during 

itiaclt " ' " 'i^^' '^'''"'^ illness. This visit to tlie well, took place about the 29fh 

of November, but my infoimant not being able to speak with perfect 

occumcy, it may have occuiTed one day prior to, or subseqnent to 

I that date. The first case of typjioid fever in her cottage was that of 

her daughter Susan Avee, who was atlAcked on tlie 16th of December, 

nod whom I saw apparently in a. dying condition j four others occurred 

Boon after. 

One more instance also lends to the same conclusion. A family 
named Edwards live in a cottage near the river, and two of their 
number were suffering from typhoid fever at the time of my visit. Their 
well is placed in a garden by the side of their house. From this well, 
which is at about the lowest point, the ground gradually rises in almost 
Bvery direction, and within 26 feet of it there are two manure heiqts 
with a cesspool between them, and three privies, two of which belong 
to some neighbouring cottages. Behind each of these privies is a hole 
in the ground for the reception of their contents ; this receptacle in the 
case of the central one is of an enormous mi^uiiude, measuring about 
12 feet broad by 15 feet long, and eo crammed is it with fiecal matter 
that its contents have been ]}0ured a few feet down an incline, and have 
there burrowed out a second cesspool nenriy ] 2 feet long by 8 in breadth. 
In addition to the above-named nuisances a pigstye is also placed 
near the well though on a slightly lower level. This well which has 
been referred to as " Lines' Well," and which is about 5 feet deep, is 
lined with bricks simply placed one above another, and the edges of 
these bricks have a blackened appearance. It lies very low, and con- 
sequemly is never empty, but it is evident that the height of the water 
in it has participated in tbe change everywhere else observed, for when 
epcakiug of its appearance being turbid, I was informed that this was 
due to the well having recently been suddenly filled. No one could 
give me the exact date of this occurrence, but I ascertained that it 
took place at about the same time that it was observed iu the other wella 
ia the village. 

One more example is worthy of detail, owing to the fact that the spot 
which was attacked was an almost isolated one, the patients also were 
oil living, surrounded by comfort and plenty, and apparently placed 
under the most perfect hygienic conditions. Ten cases of typhoid 
fever have occurred at Terling Place, which is situated on an eetatij 
lying at the extreme south of the village. Here, as elsewhere, the 
aeverity of the disease has been very great, four of the patients having 
enffcred seriously from htcmoiTht^e from the bowels, and three have 
died. All of those affected were servants residing in the establish- 
ment, and although they occasionally frequented the village, in no 
instance could I ascertain that they had drunk any water fi'om the wella. 
The poition of Lord Rayleigh's residence occupied by the servants is 
K wing almost entirely detached from the house, only communicating 
with it by a email door. In endeavouring to ascertain the cause of the 
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diseuB here, I lutimUj lamed my attentioD to thk part of ib? Arrwsm 

bnilding. At the end o( m kmp paom^ stsnds a pump. ib« ««i«r trara 

whicii is odIv naed bj oae nMmber of the boiHeboU iriifa the exeepiio: ^^ ^ 

of the servants. This pomp i^ supplied fnxn > well 40 fe^t tlt^ «h: '* " 

is situated in a couTtrard at the end of the M:rTmati win^ an I :be ri 

which psgiie? from the well to the pump rro^se^ a brick lirala k-«'ii 

from two waIer-clo«et& This pipe whieh i* a ieide^ oo-? I t^Msl M .- - i>-. Tint, 

perfectly soaod (hroagfaDot. The drain wts then ope&eJ. ani o-z 

examining tl, it waa eTideat thai the m<»nar which wa« a^^l to cem^^T 

the bricks together was aLiK>?t de^iroreil. aoJ at the :t-i^ vi lii? drais 

which is Dearest the well, a leakage had eTidenilT tak^s plac-^ :.-iio :!■ - 

BDrrouoding ground, which ha' J a ueoal ol-yjr. Nio't iVet iryji I'l!- 

drain and nbsut mi-lwav bftws«ii it and ibi; well i: a 'orlekv! •l-i.~';-.-.-L 




or tank, which ooght onlj to receire the dir^ water from the KnUerj, 
the waste water from the pomp, and the rain from a portion of the ro^ 
On opening it, however, I waa liniek, as was dso a wrraiit wbo anom- 
pamed me, with the &et that the odour waa most distinctlj of a 
fiecal character. Tba diatanee ftwn the drain to the wdl is 18 fcet, 
and ths Mil here aa ebewbere ia loow pmTel, aod nsilj aUowa 
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of the poBBOge of contami Dating matters. This ifoII might 
become fouled either directly by the leakage from 
indirectly by the passage of the foul fluids first into the cesspool, 
which ia not n-iiter tight, and then fi-om it on to the well. One pcmt 
worthy of remark is that the outbreak at Terling Place occurred simul- 
taneously with thnt throughout the village, and ive may fairly assume 
that the water in the well here had risen at the same time with that 
in the other wella, although, owing to its being a covered one^ this foot 
had eacfipeil observation. I would, however, state that n very bod odoot 
hail been noticed to rise up the waste-pipe leading from the pump to the 
tank in the yard; this for some weeks had been complained of in tl 
servant's wing, and by some residing here, was considered to bo the cans 
of the fever. The leakage from the drain into the lank could easily b&i 
given rise to this odour. 

On the outskirts of the village, as already monlioned, the cottagetft 
in many instances procure their water from the neighbouring pond^ 
and here it was iu many cases not easy to ascertain the exact source of 
the disease, ray difficulty in this respect being much increased by the 
low iutelligenee of the people. In some families, however, children ' 
were attacked, in othei's the children had been attacked first. Theat 
all daily attend the village school, and those who live some distanct 
from it do not return home in the middle of the day for dinner, but 
they take a piece of broad and cheese with them in their pockety auc 
procure water where they best can ; some drink from tiie school pomp 
othei's naturally run about the village with their companions and thcro' 
fore would be almost sure to frequeut some of the wells wliich an 
undoubtedly contaminated, I found that the source from which thL 
school derives its water was a well placed in such a position as b 
forbid the idea of any possible contamination. A leaden pipe, however, 
leading from it to the pump passes only 6 feet from a cesspool, but had 
not so far aa I could ascertain any defect in it ; this pipe will, by my 
advice bo conducted to the pump by a safer route. 

During my visit I carefully examined every well throughout tlu 
Tillage, and I found that with very few exceptions they were all 8( 
placed that the water they contained could easily become coal 
minated. Two of those which were placed under the cxceptioi 
circumstances, and which on the map are respectively indicated by th4 
letters G and H, deserve notice, because they supply with water tlu 
only two large groups of cottages in which none of the inmates hai 
suffered from the disease. 

It is evident that for years the land spriugs supplying the villagi 
must have washed the foul materials which had soaked through thi 
ground into the wells, although, owing to the watei' being very abundant 
the contaminated solution thus formed was very much diluted. In con* 
nexion with this I would coll attention to the statement which 1 have 
mado to the effect that typhoid fever had existed in Terling for at 1( 
five years. Recently, however, although the soakage of filth into thi 
ground has been going on, there has been a deficiency in the wat 
supply ; that filth must therefore have accumulated until the rise in t 
surface water took place, when the whole would natm-ally bo v 
from the surrounding ground into the wells, and thus give rise to an 
intensely saturated solution. Great interest, thei-efore attaches to the 
etiological relation which exists between this very severe epidemic 
of typhoid fever and the state of the water supply : and it deserves the 
more notice because the facts observed are not in accordance with those 
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I explained to them, that, had they originally performed their duty m m 

imiaance authority, the epidemic in Terling would never have occurret^. 

No. i. ^uj tiig lives of the villagers would have been spared, and that therefore^ 
EMrmie of *''^ '^"*' which Could now be expected of thorn was an energetic par- 
7)/^id Freer formauce of their every day duty. The necessary works to aupplj 
oi Terling, by pure drinking water had been ordered by the vestvy of Terling ia con- 
Ih. Thome, sequence of a letter which, in accordance wiih my inatrnctionB 1 1 " 
addreaaed to them ; and by way of preventing a recurrence of this dise 
by the well-water becoming saturated with the contents of privies, I 
Kayleigh informed me tliat he was supplying all his cottages, that i 
Bay, 78 out of the 164 in the village, with properly constructed bricked 
cesspools lined with cement, and effectually covered over. 



AccocNT by PnoFESSOK Miller, F.K.S., of King's Colleob, 
London, of four specimens of Terlixo Water, namely : — 

1. Wat«r from Middleditch'a well, Terling. 

2. Water from village school, Terling. 

3. Water from lines well, Terling, 

4. Water from the pump at Terliug Place. 



Of those waters. No. 2 may be siud to he unobjectiouahle. It is 
chalk water which soflens considerably on boiliug; contains no sensib' 
quaulity of ammonia or nitric aeid, and is nearly free from chlorides 
the amount of organic matter is hut small, and it exerts very litth 
reducing action upon the permanganate of potash. 

In point of quality. No. 4 comes next. It is not a first-cIasH water. 
It contmns a considerable amount of organic matter, though not i 
active state, as it exerts but little reducing eficct upon the jiermaDa 
ganate. The quantity of ammonia is insignificant, hut that of nitrala 
ia more important. The quantity of sulphates and chlorides is small 
but though less hard before boiling than No. 2, it does not soften si 
completely on boiling. The aeration is less perfect than that oft 
No. 2. 

No. 1 is a bad water. It contains a large proportion of nitrates, and' 
of ammonia, the quantity of chlorides is considerable, and these three cir-- 
comstances point to contamination with animal refuse. The amount of 
organic matter is not large, but it appears to be in an active stal 
decomposition, as it rapidly reduces the solution of the permanganalA ' 
The aeration is imperfect. 

No. 3 is a water analogous to No. 1, perhaps not quite so objectionable^ 
as it contains less nitrates and ammonia. On the other hand the propor- 
tion of organic matter is large, and it exerts a considerable reducing 
action on the permanganate. The amount of chlorides is considerable^ 
and nearly all the lime is in the form of sulphates. It scarcely aoftsa»i 
at all on lioiling ; aeration defective. 

I may remark that the use of permanganate of potash in such cases Isxl 
valuable as a qualitative, not as a quantitative test. If a reducing action. 
on this agent is manifest, the water is to be suspected, though not' 
condemned, unless the suspicion is confirmed by other tests. If the pep^ 
mangnnate is not reduced there is but little to fear from the oi:gaiuCii 
matter. 
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I subjoin details of the analyses ^— 



Teblivo Watxbb. 


1 

Middle- 

ditch. 


2 

SchooL 


3 
Lines. 


4 

Terling 

Place. 


Colour in 2ft. tube - - - - 


Greenish 
yellow. 




Greenish 
yellow. 




Sediment - - - - - 


Consid. 
brown. 


Clear, a 
few flakes 


Distinct 
brown. 


Clear, a 
few flakes 


Odour . - - - - 


None perceptible when warmed. 


Ta»te . . - - 


None perceptible. 


Hardness before boiling - - - 
Do. after boiling 1 hour - - - 


25°-6 
16° -5 


24°- 8 
4°'6 


18^-2 
17°-4 


16''-3 
7°-2 


Total solids in grs, per Imperial gallon 
Fixed salts - - - - - 


51-9 
50-3 


27-1 
25-6 


38-6 
36-2 


25-7 
23*2 


Volatile and combustible 


1-6 


1-5 


2-4 


2-5 


Nitric Acid - - - - - 


6-67 


Trace. 


2-56 


3-05 


Ammonia - - - - - 


0-04 


None 


Traces. 


None. 


Action on permanganate of potash - 


Consider- 
able. 


Very 
litUe. 


Consider- 
able. 


Little. 


Carbonic acid 


22*82 
9-67 


15-0 
6-35 


9-0 
3*6 


12«0 
6-00 


Consisting of- Oxygen - - - 
I Nitrogen « - - 


3-08 
10-17 

1:3-3 


2-31 
6-34 


0-9 
4-5 


1-38 
4-62 


Ratio of 0:N - - - - 


1:2-75 


1:5 


1:3*3 
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■ Dr, Thome. 



SECOND REPORT (Feb. 4th, 1868.) 



On the 29th of January, in accordance with renewed instructions, I PreseDt btate of 

returned to Terliug to report again on the state of the epidemic and to epidemic 

ascertain what steps were being taken by the authorities to ensure the 

abatement of the disease. I found that new cases of fever had continued 

to arise since mjlast visit, and that up to the 31st of January at least 

260 cases had occurred ; the women and children were no longer the 

principal victims, for many of the able-bodied men and boys were now 

suffering from the fever. Almost all of these having relatives ill, were 

exposed to poisonous influences, and the necessarily contaminated state of 

the atmosphere would easily account for the disease amongst the remainder. 

The entire number of deaths up to this date was 28, but it is to be feared 

that others will yet succumb to the disorder. At the same time I am 

glad to be able to report that the epidemic seems now to have begun to 

decrease for n&oe the 26th of January only one person has been attacked, 
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nnJ Dr. GiiDBon ofopinion that ihemore recent cases are of a dec 

milder type than those with which the epidemic commeneed. 

Notwithstanding that the urgency of very immediate and prooqit 
action had been ngain and again pressed upon the Board of Guardiuu, 
I still found abominable nuisances in Terling, and it is hardly possible 
to speak in gafficieully strong teime of the culpable neglect shown. b| 
that authority. Fortunately the vestry of the parish (the 
Authority), acting under Sec. 11. of the Sanitary Act 1866, had i 
three of the most populous parts of the Tillage provided a pure "wrtl, 
supply for the inlinbitants ; but t« give an example of the modA & 
which the Board omitted to perform their ordinary duties, even whM 
the villagers were dying around them, 1 would call attention toj 
nuisance of colossal magnitude situated behind some cottages on T 
Upper Green. Within about ten or twelve feet of the back doors ana 
windows of the cottages in question, is a large ditch in one place nearly 
two yards broad, full of stagnant fluid. Over this ditch four wooden 
privies are placed, and their entire contents fall into it ; the floor ii 
one of them is nearly broken away. All the slops from these cottaj 
are also poured uito the ditch, and for n space of between fifty t 
sisty yards, a foul urinous ttuid with fiscal matter floating on its 
face, lay soaking into the porous soil on which the cottages are 1 
and emitting a stench which I, in common with two companions e 
detected at a distance of 100 yards. This abominable nuisance 1 
been the subject of much discussion ; twice I formally brought it n 
the notice of the Boar<l, and on two occasions I pointed it out tt 
officers of the authorities, especially on account of the esistei 
of fever in the adjoining cottages, but, unfortunately, on the 29ili J 
January it was in the same state as when I fii-st drew attention to^ 
Evidently the main object at which this local authority has aimed ias 
so much to remove with an exemplary haste all possible sourcefl^ 
disease in Terling, as to give the public an impression that it has alrei 
doue BO ; whereas, in reality, the present sanitary condition of t 
village would be disgraceful, even if this vast epidemic had not root 
itself so deeply on the spot. In no single instance could 1 ascerta 
that the Board of Guardians had been instrumental in causing a prop* 
constructed cesspool to be made. 

Fortunately for the villagers immense private efforts liavc been mad 
for their relief. Terling Place has been, to use the expression of H 
inhabilanti, "an open house"; wine, brandy, beef tea, milk, i 
luxuries have been liberally supplied from that residence, and I 
Gimson who has without ofiicial obligation, given up almost all his ti 
in attending to the sick, informed mo that, at Lord and Lady RaylcigU 
expense, the poor were provided with every requisite, and had I' 
linen washed for them. In addition to this, as the Nuisance Author 
had made ao attempt to I'emedy the overcrowding. Lord Raylei 
had fitted up the village school as a convalescent hospital for chUdrou 
thesu were brought to it in a covered waggon, and on their erriTf 
they were stripped and washed, then entirely reelothed with gannenb 
provided by private individuals, and placed under the earo of a lady 
nurse. Sisters from St. Magarefa Home, East Grinstead, were super- 
intending the nursing through ut the illage, and spending their nights 
with the most dangerou a ^ 

It is to be hopeil that il x[ no which has in Terling been If 
dearly bought will not b n tl ut If t on tho future adminiatrnlion i 
sanitm-y law in thisdist t M should at once be adopted whiel 

will in future yeius pre nt d aatating an outbi-eok of diaeaac; I' 
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t whole eyetem of cotiflge accommodntion requires re- modelling, (tad, above 
eU, the cottages should be periodicaliy iuapected by a competout person, 
in order to prevent the uni-eatrlcted flourishing of nuisnnces around the 
dwellings. 

I wao also instructed to ascertam, before concluding my visit, whether 
the other towns and villages Ijclongiug lo the WiUmm Union were in a 
BimOtu- insanitary condition to that in which I found Terling, and with 
this view I spent a few hoars in Witham, Great Ck^gcsliall, Messing, 
and Hatfield Feveril, 

Witham is a small town, containing about 3,500 inhabiinnl9, and is 
inly place in this Union which is governed by n LocaI Board of 
Health. The main streets have an appearance of great cIcanliiioaK and 
pCOmfort, hut on paaning from them into courts and alums which are 
i^dden from the general view ; cesspools, dilapidated privies, with their 
oonlcnts running about the yards and gai-dens, heaps of decaying animal 
Ind vegetable mailer, and every species of nuisance can be tbund in 
•ftbnndance. borne of lh« inhabitants live in hovels of the most miserable 
■Uscription, where ihey are surrounded by intolerable stenches, and, 
I was informed that they dare not complain lo their landlords or 
to the Inspector of Nuisances of tho filUiiness aronnd them, for if 
tbey go to the former, they fear that he will turn them out of their 
** isee, whereas the latter is the relieving officer, and it is their belief 
it any complainta made to him would go far to prevent their receiving 
parish relie£ But a more serious obstacle even than this exists to any 
sanitary improvement. Many of the properties on which the worst nui 
aancea exist belong to memhera of the Local Board, and I would especially 
allude to several groups of cotlnges belonging to a Mr. Tomasin, the 
Blinking nuisances aronnd which render them unfit for human habitation. 
Mr. Tomasin is a gentleman of large fortune, he bus a scat at the Local 
Board, and yet, so much has he neglected the dwellings of the poor 
whicli belong to him, that the magistrates have been compelled to 
summon htm before ihem, in order to force him to i-emore nuisances on 
bis cottage property. In this town there is, as a rule, a common water 
supply for several cottagefi, and the wells are geuerully protected from 
eontominating influences. Witham has no system of drainage, but in all 
probability one will before long be constructed. Ii is nn unhealthy 
town, and though there has been no special prevalence of specific fevers, 
Etill I am informed that disease here assumes a low type, and that stru- 
mous affections, rickets and phthisis, attack a large number of the in- 
^ habitants. 

L Great Coggeshnll is a small town of about 3,660 inhabitants, and 
H^ough in a cousiderably better sauitory state than either Terling or 
^^itham, many portions of it are in a very dirty condition. The inhabi- 
tants consist [irincipully of weavers, and, owing to great depression in 
the trade, they arc mostly in a very destitute state. I found no open 
cesspool! in the place, and the privies are periodically inspected and 
emptied, but ashes, slops, and fllth, are generally thrown indiscriminately 
B llh ont the courts and yards. Five years ago about 200 cases of scarlet 
H^ver, and 30 deaths took place ; and the parish doctor informed me 
^pBiat lost year nearly 100 cases of smallpox occurred in the town. The 
fc^rnter anpply seemed pure, the larger portion of tho town being supplied 
from a pubhc well, cidled St, Peter's Well, the water from which is 
conveyed by means of pipes to open reservoirs and pumps In the most 
poiralous dislricts. 

Messing is a small village, containing rather over 800 inhabitants, and 
^snay he considered now to be in a moderately good sanitary conditiou, 
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Tills state ia, however, only due to a severe outbreak of " f 
n'hicb occurred four yeara ago, and which cauaed, aa I was inrormed.. 
pa many aa 23 deaths ; Duisonccs were then rapidly cleared nw&y, prir^ 
ncconUDodation was improved, and many of tlio wells were closed. Ths' 
inhahitnDta now procure their drinking water trom pumps giving ft 
pure supply. 

HatRcld Peveril, the last village which I visited, and which coDtain 
about 1,310 inhabitants, has up to the last few weeks been in 
disRi-aceful sanitary eonditiou ; a committee has, however, since i 
outbreak of the epidemic in Tcrling, lieen appointed to improve its ' 
state, and this etep haa been taken none too early, for tyjihoid fever a 
few years ago prevailed very cKtenaively amongat the iubabitanls, and 
from personal observation I can any that, np to a very recent date all 
the pi'cdispoaing causes of that disease existed abundantly in the 
village, nnd that the exciting cause was alone required to produce 
another outbreak. Here as in the oilier portions of this district it will 
be seen that proper sanitary measures have been neglected, until the 
prevalence of some fcoi'ful disease lias awakened the authorities tS; 
a aenac of their duty. 

It is interesting to note that the suddeu rim in the surface-wata 
which seemed so cleoi'ly to bear upon the outbreak of typhoid fever il 
Terling, had not been noticed in any of the other portions of ttai 
Witham Union which I visited, and in which I did not find that then 
had been any acurcity of water during the summer and autumn of lu 
yoa>-. The altaeiice in thcae places of the undulations of the surface, ■ 
common in Terling, may have aomo effect in causing this difference, d 
also may the ditference of the supei-iicial soils ,■ thus, nl least in Bon 
parts of Great Coggeshall only nboat two or three feet of gravel 1| 
over a yellow clay, locally called Loom, and at all times of the year a 
abundance of water can bo found in this gravel; St. Peter's Well, whio 
supplies so large a portion of the town, is only between two and threi 
feet deep. Thus that which overwhelming evidence haa compellM 
me to consider na of the greatest importance in the vast but isolate) 
outbreak of typhoid fever in Terling, I find has been confined to thn 
village, and has not existed generally throughout the uninfected 
diatricts. 



Postscript : (March lOth, 1868.) — According to information receiva| 
aiiice writing the above reports, I am able to state that the epidemic hiB 
almost eatii-uly eubsided, only one or two Iresb cases having ocourrei 
during eatli of the last two weeks. The number of deaths up to Mard 
7th was 41 ; the anual death-mte being 16. 

A communication which I have received &om the Rev. F. T. ] 
vicar of Terling, ia of consjdeiable interest bocouse it affords addition^ 
proof that the well water has been the cause of the outbreak. He iaf 
me that on the oulakiils of the village there are 71 persons who p 
their drinking water from ponds. Only six cases of typhoid fever hav 
occurred amongst them, and of this number four had been in the haU 
of fi-equcnting the village ; three being childi'cn who attended the villag 
school, and the fourth, a man who had been temporarily engaged there M 
a carpenter. 



No. 5.— Repokt by Dr. Buciianan on the Distribution of PiiTmais 
OB affected by Dampness of Soil. 

JVLB. TVie Maps illmtrating tkU Report are at the end of the Volume. 

Tbe general aanitary inquiiy wliicli was cntruated to me butt yew 
having appeareil to show a relutiuu between wetness of tail and 
prevalence of consumption, the subject U now furiber esumined wiUi 
direct reference to geological coneideratioDs, The results obtuiDed 
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from this new basis of inquiry turn out lo be definite and contirmntory ^'^- Bvchata 
of the conclusions proTlsionally arrived at lagt year. "^Tf 

The Geological San-ey of England, advancing to eompletcnesa in its \ao^ " 
I records of the great fonnations of the countiy, has hitherto mapped 
:the minute eurtace geology only in tbe counties of Surrey, Kent, and 
Sussex. From the present point of view it is pl^n that surface 
jtecnliarities must be taken into account quite as much as the great 
divisions of the geologist — that brick earth, drift gravel, river alluvium, 
and the like, have on importance in themi^elvea apart from the cliaracter 
of the larger furniationa over which they lie. The three soutb-eastem 
counties, thei«fore, form tlic only ai'ea where tbe Survey yet affoi'ds 
Biatcrialii for profitable detailed examination of soil as alfceting tbe 
health of residents on it; and the present report will concern itself 
exclusively with them.* It happens that there is no part of England 
better adapted to the enquiry — in which varieties of Boll would be 
greater, and difTerences of other sorts low obtrusive. 

The muteiiale for the present report have been (1) the Parliamentary 
Return, No. 12, Session 1863, which furnisheji for each registration 
district the doatb-rate from consumption in the mean of the 10 years 
1851-60; (2) local inquiries that were necessary to correct the 
registered dealh-i'ates of particular districts ; (3) the census returns of 
1841-51-61 ; (4) the maps of the tithe survey, which g^ve the 
bonndories of the several parishes comprised in each registration dis- 
'Irict ; y&) the ma|>3 of the Geological Survey, with various unpubLsbed 
lections and other documents plocetl at tbe disposal of this report by 
the Director- General ; and (6) minute infonnation about the topo- 
graphy and geology of particuhii- districts supplied by Mr. Whitaker 
■nd Mr. Topley, two of the geologiiats viho have actually worked the 
ihree counties under examination ; and (7) information from medical 
practitioner^ surveyors, and others on local peculiarities of soil • 

or population, and on various conililions olFecting Iho prevalence of 
consumption. 

The above BlatenienC makes evident the wide obligations under which 
lie report lies for assistance in the several points investigated. 
Primarily to Sir R, I, Murchison, Director- General of the Geological 
'Survey, to Professor Ramsay, Director, and to other members of the 
Survey. To Messrs, Whitaker and Topley thanks are due for the 
wmmoiy statement of tbe general characters of different geological 
fbrmations, and for valuable aid in revising the accounts of local geology. 
Dr. Balfour and other officers of tbe army and navy medical depart- 
ments, the directors of convict prisons, the superintendents of lunatic 
asylums, and the medical officers of hospitals have liinUly given them- 
lelvea labour to enable correction to be made in tbo registered mortality 



• There are, it in irup, parts of oUier fount ibb where the Drift has two mapped by 
Ibe Sonitj 1 but it hna not been pOBilble (o regard Bmall and divided areM with any 
■dvnntafff*. 
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of districts. Among the medical piiictitioners wbo have rendered y 
aBeiBtoDce, and who cim only be thuuked collectively here, Dr. Greonhi 
of Hastings, and Mr, Reid, of Canterbury, mnst bo specially mentiom 

Fifty-eight registralion dtBtriets,* being all those of the three sonth- 
eastcm countiea (with the exception of euch os lie in the metropotitui 
area) have been brought imdci' detailed CKamination. They were eon- 
TO chief ways : iirst, as to the true consumption rale of their 
with attention to other couditiona besides that of eoil 
likely to influence this rate ; and, secondly, as to the numbers of 
population in each distiict living upon various kinds of soil under various 
topographical conditions. The results of the two Eoits of inveBtigft- 
tion were then brought together, and, as far as practicable, saaaaaxy 
statistical conclusions have been drawn from them. 



A. Consnmp- Tbe statistical inquiry into the amoiuit of consumption in each 
— indistnciB. jigtnft -Y^ns aurroimdcd by various difficulties, which have been 
laboiiously attacked, hut have not in every instance been satisfactorily 
overcome. Conditions whoso influence has been examined and more or 
less Buccespfully allowed for are — (1) rapidly increasing population and 
varying rote of increase, a consideration which has required the 
re-calculation of many figures in the parliamentary return; (2) the 
inclusion of much consumption with other diseases of tbe lungs, which 
has presumably t^en place in certain districts; (3) the iuiluencc of 
hospitals and other public institutions in increasing the mortality from 
consumption of the districts in which thoy are situated ; (4) the use of 
particular places as resorts for consumptive invalids ; (5) the apceiol 
circumstances of large bodies of tbe male population, particularly in 
camps and dockyards. 

In addition to making corrections and allowances of thb nature it 
has been wished to consider other conditions influencing the local amount 
of consumption j such, for instance, as the lu-ban or rural character of 
the population , riches or poverty; varying occupations {beyond those 
that have been specified) ; race, hahiti, and lodgment of people ; the 
prevalence of inlermittents : atmospherical conditions .other than those 
due to varieties of soil. But wlule certain of these influences have been 
here and there considered, a thorough examination of them has not been 
possible, and their efiect upon phthisis turns out, nt the end of the 
enquiry, to be wholly thrown into the shade by the larger influence of 
soil. 

Ill the following table the 58 districts are arranged in the order of 
their death-rate from consumption. Persons between the ages of 16 
and 55 have alone been considered, and the mean of the death-ratea of 
the two sexes is that which has primarily determined the position of 
districts on the table. But where the male rale was obviously sub- 
jected to disturbing influences from which the female rate was com- 

* These dlstricls. Bmiiiged upon priociplea Uiftt only the imliquarjr ciin by inj 
chance oomprebend, hare do gcnerul relation tu anj naluml diviBJons nf coUDtiy, 
and abeolutelj nnoe vliBleTcr lo any geological feature. The first iDcIiDalion of an 
bqairer into the effect of geology upon disease is therefore to (iiEcurd the artificial 
liiviUDD ioto districts nTtageihcr, and, lisv in); mapped oat several iociliticB with broadly 
diltinguisbed geological fealurea, to investigiite die amount of disease prevailing 
in each, by examination of the deaih records and otberdala of localities so mapped 
out. It is (0 be hoped lliat inquiry on this basiE may yet be mode, ajid the con- 
clusions at tliis report vill have done more than immediate service If tbey eneou- 
Tage to the extended observalion in the future of diseflse in relation to peology. 
BdI for a single observer, wiih limited litDe at his disposal, the collect'" — ^ 
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Wlmr eomction it not aa^. it mas be 


aocording to thdr order. 
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•st 


a 


ununed lta*t tbs Rsiitwed iM* MS 




1 


1 


1 


little lAotod bj InMituttMUi 


176G 


8. Dartfind 


961 


263 


325 


313 


(a) OrElham. the ouOe me bdng of 


1620 


4. fEj^om . - 

5. IllillOO - 


27T 


291 


366 


369 


no Tilnf. 10 hu b«a nibtracted ftw 


3073 


a?6 


330 


378 


383 


the feniBte nte for ih* ippnixinufiTe 














troeineKi,313. 


1656 


6. Godilone 






361 


395 




SOU 


7. North Ayltrford 


289 


305 


3S3 


375 


(4) The WM of Bridge bec<Nae 941 


1986 


9. (-DoTCP - 


396 


289 


368 


335 




16S0 


10. Bromley 


294 


803 


348 


351 


for CiDWrbory Hotpital. 


1597 


11. j Sternbig 


295 


304 


363 


354 


(e> Gravesend hu been cluied by iti 


isoa 


12. Lchertsey 


396 


325 


384 


396 




1856 


19. Croydon 


303 


275 


3S5 


334 


than the iiiwin. 


1693 


15. fOanbrook . 

16. iBidmioDd - 


311 


381 


375 


44S 




1989 


313 


2S1 


407 


310 


(J) The rtld of Ea*tbotinie might, p«- 














h&pa, be taken u ilightly imiller, in 


1791 


IT. Kingrton 


315 


279 


423 


370 


oonaiderilion of same iavnlid ™iton. 


1758 


18. EUuuii(a) - 


377 


323 


344 


382 




1830 


19. IbImh - 


31S 


344 


381 


418 


(<) Begislered male rate of FunLun 


IBIS 


50. rBridg, (6) - 

51. 1 Orareiead («)- 


331 


418 


399 


4S1 


bebg of DO »liie, 10 hu been nb- 












tncted from the female nte for the 


U6S 


405 


331 


546 


435 




17SB 


as. EMt (WMtesd - 


333 




402 


412 




1718 


44. Beigste - 


337 


332 


403 


409 


(/) At Battle, correction for obriou 


16S6 


16. Faraluun («) - 


336 


392 


383 


416 


inclusion of mnch pblhiaU in tv^ 


1733 


,» 


349 


373 


405 


tered lung diseaM bring* phthisi 
tmlei to 344 mean and 398 finnale. 


1701 


38. Hsmbledoo 


343 


411 


432 


506 




1703 


39. BsWe C/) 


394 


338 


414 


474 


(s) For CantCTbury, deduction for hot. 


aS88 


30. Caolerbury (j) - 


384 


328 


529 


445 


pitnl patienU brought from other 


IBG7 


33. HolliEgboDrae - 


352 


394 


41T 


460 


dinricM makes true mean rate 348 

and female rate 29B, 


ins 


83. MalUng - 


356 


423 


423 


489 




1843 


34. Eut Aalifbrd - 


359 


4iB 


374 


540 




1781 


3S. Serenoalu 


361 


437 


426 


487 


male rate being of no valoc, 10 


1913 


3S. Gotldibrd - 


369 


379 




433 


haa been Gubtracted from the fcmol 
rate for the approximative Itoc mean 


use 


37. FsraboroDgh (ft) 


291 


381 


353 


429 




1946 


38. EaxUj 


371 


385 


445 


438 




1967 


39. Fsitenliam 


370 


429 


449 


490 


(0 In Maidstone, dednetion for deatha 


19SB 


40. Rje - 


371 


438 


4G8 


501 


in luBotic asylum patients brought 












from other districts makes true mean 


836S 


42. UaidMone (0 - 


434 


475 


546 


"' 


rate 3T9 and tnic lemale rale 405. 
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Where corrertion Is nol mBdo, it nu; be H 
UBumed that lb« refined ratei we ^| 


"^i 


. 


^ 


. 




1 


1 


1 


■1 little ritBcled by Iiutitutions. H 


1755 


43. Cuokfield ■ - 


387 


4J1 


435 


517 


01 Ai Worthing the rale ahonld per. 


1733 


44. Dorking - - 


399 


478 


451 


510 


haps be taken as somewhat smaller, 


', 1S94 


45. UoKfield - - 


39a 


484 


443 


507 


in ooDsideratioQ of eoine iovolid 


1747 




392 


535 


439 


609 




1919 


47. TiceboTBt - 


401 


457 


462 


503 




1790 


48. Worthing (» - 


419 


445 


465 


479 


(*) In Lewes, correction for hospital 


1982 


49. West Ashford - 


491 


542 


489 


612 


and prison hrings the true rate to 
426 mean and J64 females. 


19«T 


50. Lewee (d) - 


502 


508 


575 


549 




1931 


51. Tenterden- 


435 


523 


4S6 


579 






53. Horsham - 
























449 mean and sai frmale. if correo*ed 


1813 




441 


918 


490 


S57 


for Chiche<ter Hospital. 


1818 


.14. Midhurst - - 


455 


539 


511 


597 




182-1 


55. Thaldmm- 


454 


560 


497 


605 




1SS5 


66. Fetnorth - 


462 




512 


553 


pilal deaths in patients from other 


1748 


67. Weilbourne 


498 


610 


552 


651 


districts brings the rates \i 538 


aiii 


58. Chichester (m) - 


5G6 


463 


651 


539 


mean and 450 ftmulc rate. 


1934 


1. fSheppej- 


E02 


251 


281 


.„ 




IS17 


2. iHiBtiiig* 


498 


466 


588 


526 


At HastiDgB more than half phthisis 
deaths we in-vaKd visilors, approiti- 
mately tme rates taken at half thoae 

registered. 


9iua 


8. Thanet 


392 


364 


459 


415 


In Tlianel, deduction for visitor iiiTalids 
giies aa imer rates, 292 man and 
264 female phthisis. 


S1S3 


14. Uot. - - - 


301 


376 


380 


421 


The population nf Hoo is so small that 
a very few deaths more or less wonid 
entirely alter the registered rates. 


tO!4 


as. Tnnbridge 


899 


437 


477 


503 


For Tnnbridge. rough dednclion for 
visitor intfllids gives as truer rates, 
333 menu and 364 female rule. 


«S10 


27. Medwaj • 


480 








The mate rate of Medwav being ot no 
value. 10 has been snbtnieted from 
the ibmnle rate for an approximstire M 
true mean, 343 : but the exact place ■ 
of the district is open to seTovI ■ 


























doubts. ■ 


>U1 


31. Romney Manh - 


348 


381 


429 


447 


Romnej Msrfih is affi.eted lite Hoo^ ■ 
and in other ways. ^ ■ 


.SSOO 


41. Briehton . 


435 


372 


515 


<34 


The true place of Brighton in the series ■ 
is wholly unknown. H 
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Appkitdix. 

No. 5. 

On the Di9^ 

tribution qf 

PhthistMOt 

affected by 

DampmuM <^ 

Soil, by 
Dr, BwehtmoM 



paratiyely free, the position of a district on the table has been 
determined by the latter rate ; and where disturbing conditions have 
been eliminated in a district, the position given to it below is deter- 
mined by the corrected, and not by the registered, rate of mortality. 
Eight districts, the order of which among other districts is more 
uncertain, have been placed by themselves at the foot of the table, with 
however the numbers attached to them that signify their probable position 
among the rest. The entire population that has furnished the materiab 
for this table amounts to 1,118,372, living on 3,812 square miles. 

Next to this examination of the amount of phthisis in each regis- B. Geology d 
tration district, the geology of these areas has been taken up. For districts, 
each district an examination has been made, as carefully as the con- 
ditions of the enquiry has permitted, into the character of the soil 
on which the population live. In this investigation the dip of the beds, 
the elevation and slope of the surface, and generally the water-holdmg 
(with some other) qualities of the ground, have been regarded as well 
as the geological formations that entered into the structure of the 
district. A prefatory account of the lithological character and usual 
features of the various formations has been contributed to this report by 
Messrs. Whitaker and Topley. 

The geological formations that occur in the counties of Surrey, Kent, FormatioM 
and Sussex* are shown in the following list : — comprised. 

r Alluvium. 
Recent - - - - 



Post-Tertiary 



Tertiary 



-< Blown Sand. 

I Shingle. 

J Brick-earth. 
" \ Gravel and Sand. 

f Upper Bagshot Sand. 
J Bracklesham Beds (Mid- 
* I die Bagshot). 

[^ Lower Bagshot Sand. 



-< 



Bagshot Beds - 

London Clay. 

rOldhaven Beds. 
Lower London Ter- J Woolwich and Beading 



tiaries. 



'Chalk 



Upper Cretaceous - 



\Beds. 
Thanet Beds, 
r Chalk with flints. 
. < Chalk without flints. 
L Chalk Marl. 



Upper Greensand. 

Gault. 

f Folkestone Beds. 

_ ^ , J Sandgate Beds. 

Lower Greensand - -S Hy the Beds. 

LAtherfield Clay. 



Weald Clay. 



Lower Cretaceoas -•< 



Hastings Beds - -^ 



Upper Tunbridge Wells 
Sand. 
<^ Grinstead Clay. 
I Lower Tunbridge Wells 
I Sand. 
Wadhurst Clay. 
Ashdown Sand. 
Ashburnham Beds. 



• See Geological Survey, maps 1, 2, 8, 4, 5, 6, 7, 8, 9, and 11 > sad sections. 
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AUuviwm. The deposit, fi-inging and formed hj streams, c<»i3istB of 
lay, sill, and peat, with here nnd there more sandy beds. By the sea 
there is Eoraetimea little else than sand with sea-ehe!la, as at Deal. It 
foi-ius only tracts of marsh land, more or less subject to floods, and odea 
below ordinary high-water mark. — Blown Sand consists of loose sand 
di-iven inlaod by the wind, and disposed in the form of irregular billocks, 
'of conatantlyliable to further shifting untilprol«cted by vegetation, — SMhgle 
is often banked up by the waves to some height above high-water mark, 
forming either » long narrow flat as at Deal, or ii succession of ridges 
and furrows as at Roraney Marsh. In the south-eastern counties Uie 
shingle consists of flint pebbles in various stsgcB of wear. So firm and 
well packed is the mass of pebbles that houses are often built direct on 
the shingle, levelled and slightly covered with concrete. 

Brick-earth here iuclades the loamy matter brought down by rain in 
districts formed by soft rocks (clay, sand, &c.) ; the similar deposit that 
sometimes caps the gravel on the terraces or gently sloping flanks of 
river valleys ; and some of the Burface beds of the Chalk district may 
come under tho same boad. Brick-earth is a misture of clay and sand 
in varying proportions, but must be classed with days rather than sands 
in its permeability. Like the gravel (hat commonly underlies it, iJie 
brick-earth of the valleys (whether on terrace or at bottom) has an even 
surface. — Gravel (and sand). The gravel in these counties is for the 
most part made up of flints from the chalk, more or leas worn ; uid 
with these much sand is mised. Tracts of gravel occur at various 
levels aloug wide valleys, and though of no great thickness they give 
rise to marked features in the surface of the ground, forming broad dry 
plains or terraces, cut through in parts by side valleys. These form 
outlets for the water that sinks thi'ough the gi'nvel, and when they 
reach down to the beds below often have springs along their flauks. 

Sarfaee-beds of various ages on the Chalk. On the higher parts of 
broad chalk-tracts there is often a most irregular capping of " clay-with- 
flints," a brown clay crowded with unworn flints, which greatly altera 
the nature of the district where it occm's, forming a stifT soil, and a 
country which is more or less wooded instead of the open downs com- 
mon with bare chalk. With this clay there is sometimes a little brtck- 
esrtb. — 1q Kent and Surrey there are also a few patches of sand near 
the chalk -escarpment, the geological age of which is not certainly known. 
• — But on none of these beds is there any noleworlhy population. 

Bagsdot Beds. This series as a whole is permeable, being chiefly 
sand, and it forms in the London Basin a large tract rising to fair 
heights with pretty sharp slopes, not much inhabited except at Alder- 
shot Camp. The Upper Bagshot Sand is a thick mass of sand which 
forms ridges of dry barren laud, in great pait capped by gravel, — The 
Bracklesham Beds are the most impervious of the series, consisting of 
alternations of clay, sand, and loum, about 50 feet thick in the London 
Basin. Here they crop out on the flanks of hills or bottoms of valleys 
throwing out water from the sands above, and forming a damp soil. 
But at Selsea Bill they make a broad low tract much covered by gravel. 
—The LoKcr Bagahot Sand is light coloured, here and there clayey, 
passing downwards into the London clay, the junction with which ia 



1 less wet. This 
rises into hills. 

London Clay is a thick i 
clay J but the few lowest a 
what sandy. Where not co 
undulating tract often ( 



L reaches a thickuess of 150 feel, and 

niform mass of dark, tough, impermeable 
id the few highest feet of it may be some- 
rered by gravel, this clay forms a broad 
itli a fairly marked escwpment that i 



to a notable height, though lower and far more gently sloping than the 



scarp of liic Chalk. It rarely forms ft plain like that of the Weald Clay. Appma&t&V 
When covered by gravel, flallJE]] plains ure formed (as before stut«(]). ■ 

the drainage of which la determined by thetr heigbL o, *' r 

LowEH Lotfuos Tektiariks. This series was onco CHllcd "plaBtic t^in,tim^M 
clay," a misleading name, inusmucb as plastic clay only occurs in the phihititai 
middle division of it, and doI always tliere. The broud northern tract affrctedbg 
(near London) is almoat wholly of sand and pervious. — The Oldhaven l^ampnai of 
Beds are a set of fine aand and pebble beds that occur in Kent, and _ *"'>.'!' 
stretch a few miles into Surrey. On the west the pebble beds are 
genemlly in great excess, and form dry level plains (Blockheath, 
Bezley Heath, Bromley, &c.), at a fair height, mostly ending off with 
sharp elopes, and Eometimes cut through by small valleys. In East 
Kent, on the other band, this series consists almost wholly of sand, and 
crops oul on the flank or at the bottom of London Clay hills. — Woolwich 
arid Reading Beds. This thin series presents pei'liups more varieties of 
character than any other in the district under consideration. In il£ 
narrow outcrop in Surrey it consists of irregulai' alternations of sand 
and mottled plastic clay ; towards the eastern part of Surrey, and in the 
western port of Kent, it consists of sands, loams, laminated chiys with 
fiheJis, and pebbly sand. In Bast Kent it is represented by coarsisb sand. 
On the south of the Wealden district, sand and plastic ulay again occur. 
These irregular beds rarely make any conspicuous feature in the form of 
the ground. — The Thanet Beds are nearly as local as the Oldhaven beds. 
They are found only in the north, and thin out westward near Leatber- 
hoad. In Surrey and West Kent they consist of fine loamy sand, 
increasing In thickness eastwards. In East Kent they get still thicker 
(to 80 feet or moi-e) and also more clayey, until at lust more tlmn half 
consists of a sandy marl. The Thanet Beds mostly form low gentle 
elopes, sometimes stretching out into the Chalk district to a greater 
height. 

Chalk. The greater pait of the Chalk contains beds of flints, mostly 
in the form of irregular-shaped nodules, but sometimes as continuous 
layers. The Lower Chalk, however, is without dints, but both divisions 
are jointed and allow of the passage of water from the surface. The 
lowest part, the Chalk Marl, is more olayey lliaii the rest, and sometimes 
causes springe at its outcrop. The Chalk forms a sueeesBion of hills and 
valleys, aud ends off towards the Weald with a elmrply-sloping escarp- 
ment, generally the highest ground of the district, but cut through by 
the rivers. The level of the Cliulk-coiinliy falls, with the dip, fiom tho 
escarpment, and the lops of Ihu hills are in a geutly-sloping plane ; tho 
features indeed being those of an inclined table-land cut through by 
valleys. From its sharp slopes and permeability chalk has a dry 
•oil. 

Upper Gbeexsand and Gault. Upper Greensand is not always 
present, nnd has never any great Uiiekness. It consists of a more or 
less i^layey greensand ivilb sofi sniidstone below ; it has but u narrow 
outcrop and mokes no great feature at the Burfaco, forming merely a 
low ridge between the Chalk n&d Gault, or being merged in the Chalk 
escarpment. The junction with tho Gault is apt to have springs, and 
the formation generally is plentifully supplied with water, though not 
of necessity water-logged at its outcrop. — The Gault is a stiff blue clay, 
100 feet or more thick, also with a narrow outcrop, usually placed at 
the bottom of a sort of valley dividing the Chalk ridge from tho slope of 
Lower Greensand. It Ls seldom much built on. 

Lower GREENaAsn. Ou thenorth of the Wealden area this formation 
nukes a broad tract of high ground, rising from tlie Gault and ending 
towards the Weald by a sbatp escarpmeut. On the south, however, iu 
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rutcrop is narrower, nml forms lower Bud less hilly ground, — Tha 

Folkestone Bedt consist almost wliolly of Band rising np into hilU fiioiii 

lieneath the Gault, and forming a dry country. — The Sandgate Beds ars 

more clayey, consisling of loam and snndy clay, with sometimes fuller's 

eiirth. Their onlcrop is generally in a slight hollow, and they often 

_ ^ throw out water from the sand above. — The Hyl/ie Bedt 

Drmpnei of important part of the Lower Greensand iu Kent and Surrey. In Kent 

-I'lOy they are known as Kentish Rag, an alternation of beds 

cherty limeslonc and soft crumbling calcareous sandstone ; and in Surrey 
they include the calcareous sandstone known as liai'gatc ntone. In oilier 
places the Hy the Beds consist of sand and sandstone, and they are every- 
where pen-ious. They rise to a good height and end off towards the 
"Weald with a sharp escarpmeut. — The Athcrfield Clay ia the lowest 
member of the Lower Greensand, but as it is merely a few feet of atiS 
clay, it has been taken with the Weald Clay for the purposes of the 
present inquiry. 

Weald Clay. This is a great mass of clay and shale, 600 feet thick, 
with oceasional thin layers of sheliy liraeatone, calcareous sandstone, and 
ironstone. In the neighbourhood of Horsham there is a thicker bol 
local bed of Banjslone and calcareous grit altemoting with clay, in all 
about 10 feet thick. The lowest part of the Weald Clay is often sandy. 
This formation does not roach any gi'eat height except where it risee up 
to the sharp escarpment of the Lower Greensand, or where outliers of it 
occur on the high tracts of the Hastings Beds; but it forms a brood 
flattish Tale, with only a few low hills, and it has often cappings of gniTel 
along the streams that wander through it. 

The Hastinos Beds consist of alternations of sand and clay, tha 
former predominating, so much so that the whole series has been 
termed " Hastings Sand." " They rise from below the Weald Clay fiat, 
and form undulating ground. The lower beds occur mostly towards the 
middle of the Wealden area, and form high land, their dip being greater 
than the slope of the ground ; but they are freqnently brought up by 
faults and folils in other places. This mode of occurrence renders it 
difficult to describe the features of the districts, except in yery general 
terms. — The Tutihridge Wells Sand consists, on the east, of a maag 
of fine sand and soft sandstone, with thin beds of loam and clay, and 
altogether ia about 150 feet thick. On the west it is divided into two 
parts by a local bed of stiff (Grinstcud) clay, the thickness of the Upper 
Sand being about 100 feet, of the Grinstead Clay up to 60 feet, and of 
the Ixiwer Sand about 60 feet.— The ff'adhurst Clay is a stiff clay or 
shale, with sometimes a little atone, and is seldom less than 100 feet in 
thickness. — The Aihdovin Sand is like the Tunbridge Wells Sand, but 
is nowhere divided by any thick mass of clay. — The Ashbumham Bed* 
do not crop out to the surface o^er any large area. They consist near 
Hastings of mottled clays, with layere of sandstone ; but near Battle and 
Brightling of clays, shales, and sands tones, with many beds of limeatono. 
As a whole, they foiTo a rather retentive soil, but much lesa so than 
Weald Clay or Wa.lhurst Clay. 



" F. Dbkw. "On the succesaion of beds in the 'Hastings Sand.'" Quart 
JoutK. Grnl. Soc., vol. xrii., p. S;i (1861). P. 285. '■ Of the Bandy beds there is 
" more to be Mid. The Band itself is nparly nlwnjs eitremely fine, ahnMt an iin- 
" palpable sand. On this accooot it bears itself Bomewhnl in the same iray that 
" clay does H* regards the presence of water ! instead of absorbing it like un ordiosn 
■■ sand, it becomes a pasty mass that can be moulded like a very light clay, and thn 
" though It contaias no Blomiaa." F. SBG. " Loam occurs in large quantitiet in tht 
" undy bed«.» 
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Tbk 58 regisUatioQ districts uf tLe south-castcm counties are 
ilescribc) below io th« order in nrhich tbej appear on the table (page 97 j 
which shows their relative ilcalL-i-atesfi'oii] consumption. For each district 
is shown (1) the acreoge and population ; (2) ihc general geological anil 
topc^Bphical features ; (3J the character of tlie formations and soils upon 
n*iueh its chief towns an j Tillages arc placcii ; (4) the numbers, as nearly 
as can be jndged, of the residenla upon each desciiplioD of soil ; then 
the registered phthisis rate for malea and for females is given, and the 
account ends by staling aay circumstances tliut may cause the Ime rate 
to differ from that which Is regist4:rcit, and by nukking »uch allowance g««I«7>ii 
for these as is possible.* coiiniin)itia 

dUnicli in 
orit* of jj 
[3.J Dabtfokd, Kent. Acres, 53,109. Population, 32,316. preTJoia labll 

Maps 1 and 6. 

Is geologically in two portions, the Mulhcm of Clinlk with eurfkce Dutfoid. 
clay, sloping downwards from south (o north ; the northern is the main 
of TertiBi^ Beds, consisting on the wc«t of a maas of Lower London 
Terliaries, with a little London Clay, and on the east of outliers of the 
same over chalk. Over both portions of this northern district there are 
deposits of brick-cart h nud drift gmrel. The north-weslem or Tertiary 
disti'ict consist of London Clay, scarcely m all inhabited ; a broad tract 
of siindy pebble-beds, witli Woolwich oiid Thanet Beds l>elow them. The 
pebble-bras, on which great part of the [wpulalion lives, have a letel 
surface cut throngh by valleys, nnU are mostly {Hfrviou», and vary from 
IC-50 feet in thickness. The beds below ai-e Bomewhat less pervious, 
l)ut are only impervions where the clay ahell-beds of the Woolwich series 
occur, and they crop out upon slopes. Very few people live upon 
impervious soil. The whole district is divided by the valley of the 
Sarent, Hod on the north-west it is also cut into by the valley of the 
"Cray, The marshes bordering the Thames ar« uninhabited. 

Darlford lies in the valley of the Darent and on the slopes of the 
valley, About a third of the town if on alluvium, flat and at low level, 
"snd it must be wet. The re^ is on gravel over chalk, and on bare chalk, 
Kt a higher level and quite dry. 

A grest number of the vilhtges of this district arc situated along the 
Darent valley. Of these Wilmington is on thin beds of gravel, brick- 
earth, and Tbanct Sands overlying chalk, on a rise and in a dry situation. 
Sutton Darent, Eynetford, Norton Kirby, and Famingkam are on 
local gravels and on chalk, bordering the river; parts of them may have 
wet soil, bot in the main lie so as to be quite dry. Crayford, Erilh, and 
Btxley, with parts around there, stand on various gravels and sanda, and 
npon chalk. Portions of them are rather low but upon dry slopes. 
Parts of Bexleg and Crai/ford, however, are on alluvium. Besides out- 
lying vtltc^cs on bare clmlk, SwantconUte, Sovthfieet, and other places 

* ThE namb«r in bnckets preGied la the aaine of each dinrict indicatM the pou- 
tioD in nhich the district ttands mmDiig the SB dietrictn einmiDed, in ttepect of iti 
pblhisii death-rale. Table, p. jH. 'Vbt map rderencesaru cothi! oae-iDch maps of 
tb« Otological Survey, vbicb beor the Mme numbera sb the Urdoauce mapa of the 
nine scale. Population, ualesa where othervi&e alalfd. is tbnt oflhe cenBua of laci. — 
The namea of places here aignify tbe town or villBge that is comiuoal)' so known, and 

. Dot the pariah of the name, which often stretch«a far awaj, and includei other jilocea, 

' or «lae does not include the whole of the town. Minute details of each whole [>arish 
were of course taken into consideration in ronning tbe numerical alatemcnl subjoined 

*to each dislrict. The phlliisii rate showa the male and feronlp death" aonually 
(1851-61) occurring between the njes of 15-55, per 100,000 malca and per 100,000 

- ftualea living at that age in each dutrict. 
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we on Tertiary outliers (Thanet Strnds and driil gravels) ; at SwaDBOombe 
there is clay. Greenhitho and Stoue lie on chulk, bonlering the Thames 
not many feet above high-water mark. Several places of leas aize are on 
the pebble-beda and other parts of the Lower London Tertiariea. 

Approximate number of population resident on alluvium, 2,700 ; on 
uncovered London Clay, 100; on Lower London Tertiariea, 13,580; oa 
ChalJi, 15,483; and on board vessels, 453. 

Phthisia death-rate for males - - 260 

„ „ females - • 263. 

[4.] Epsom, .Surrey. Acres, 41,180. Population, 22,409. Map 8. 

Tiie northern half of this district consists of Tertiarics and the southern 
halfof C%alk, the towns and villages being mainly at the junction of the 
two formations. 

In a lino across the district. Great and Little Bookham, Fetcham, 
Leallierhead, Anhlead, Epsom, Ewell, Cheam, Sutton, and Carshallon 
are aituated on this junction of the tcrtiaries with the chalk, the position 
having evidently been chosen for facility of procuring water, The 
inhabited parC^ of these places range from the London Clay across tha 
Woolwich and Reading Beds and some Thanet Sand to the cbulk. Some 
have patches of gravel over the other formations. The chalk near these 
towns and villages rises to tlie south with a fair slope, and most be 
pretty full of water near its junction with the tcrtiaries. 

The surface slope of the tertiaries northward from their junction with 
the chalk is sometimes upwards, sometimes downwords, the latter chiefly 
where the country is intersected by valleys. But the dip of the beds u 
northerly, so that, in so far as they are pervious and not below the level 
of the waterline in the chalk, watur can get away by them. But these 
tertiary beds oi'c mostly impervious for some part of their thickness, and 
the level of saturation would (in the abseuce of side valleys) soon be 
reached below the surface-. 

Whether the soil is damp or dry depends upon minute local circum- 
sUmces that affect the saturation level. This ranges proluibly from a 
very few feet to 50 or thereabouts. At Epsom, before diainoge work^ 
there wore places where water overflowed the surface on a well being 
dug ; there are of lato years few places that have water ao near the 
surface as 5-6 feet. 

On the west this district is drained by the Mole, on tbe east by the 
Wandlo, and between these rivers by the Hogs-mill and another stream, 

Cobkam and Sloke D'Adernon are on gravel imderlain by London 
clay and surrounded by alluvium. Banatead is on an outlier of Thanet 
Sand (with iri-egula]' deposits of clay) over the chalk. 

Approximate number of residents on London Clay with gravel, 2,409, 
without gravel, 3,000 ; on Lower London Tertiaries, 8,500, some <rf 
whom live on impervious beds ; and on Chalk, 8,500, 

Phthisis death-rate for males - - 264 

.. ., females - - 29L 

[5.] MiLTOX, Kent. Acres, 35,409. Population, 14,775. 
Maps 3 and 6, 
This district has a general slope downwards from south to north, 
with valleys and ridges running more or less in the same direction. 
The road from Chatham to Canterbury through the district givea » 
good notion of the varieties of level. This ranges from 140 feet about 
noiuham to 99 at Newington, then rises to 170 feet, and near Miitoa ii 
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I odI; 54 feet ; at Sittingboaroe 35, wmd at the tmttm edge of the 
1 dieaici 10 feet higher. About • ibird of the iliMrict U CkiU, a tUni 
J Iioudon Clay and Lower Londoti Tertiaries, with grmrtii aad brick- 
f aarth, and the rem&hung third (rDoghlr speskingX oa irhtch there i« 
■ YOry liltle population, is aUavium. 

SiaingboartK aod the adjaoent Stilton with other viUa^es 
at the jimction of the Tertiaries with the dnlk oa a moderate slope, 
and with more or lets bricfc-earth. Pkrte of Hilton are on aOaTiam. 
Rainhnm is on dialk with patches of Tbanet Sand and, periM|H, fame 
brick-«artb. BordoD and many other Ttll^ee are platvd on th« Aalk, 
j or on Tertiary oatliera oY«r iL The lower beds of the Tbaoet Sand 
[ vbich form these oatlier? are leM perrioaa than the hvU of that 
fbrmution. Newington and Hartlip are on Tertiary Saadc ; the fonneT 
in & valley, yet at a fairly high level, aad with good tiafe. Except 
Lialf HaUtoa and a few small places, which are eiloated M> palchea 
of gravel or BMtd, there la ao popolati<»i oa the marah area of the 
district. 

Approximate nomber of residents apoo aUuTinm, 300; gnvd on 
XiOndoD Clay, 270 ; nztcorered London Clay, 760 ; Lower Loftdea 
I Tertiaries, 7,480; chalk, 5,765. 

Phthisis death-rate (or males - - 22S 

„ „ females - - 330: 

Agne ie rather common in lbi« distnet, e^CCiaOy aboat the Swahb 
I There is some at SittiDgboume. 

[6.] GODSTOXE, Surrey. Acre?, 43,948. Popnlatioa, 9^642. 
Maps 6 and 6. 
The northern part of the district ie Chalk ; then follows a ceno-al 
band of Upper Greensand, Gault, and Lower Grcensand, and to the eonih 
is a broad tract of Weald Clay, with a reiy small bit of Haslinge Beds. 
Except the Weald portion, the district is ondalaliog and furly high. 
I Godtionf, Bletehingtry, LymptJitlA, and Oxttd are the largest 
I places, but none of (hem are more than Tillages. They are all on the 
I lower Grcensnnd, and a Mndy part of it ; the two former haring a 
' "band of more loamy sand cropping out below the town. The slope of 
the ground and the dip of the beds, however, ia eoch aa to allow of 
water getting readily out of the soil beneath these places. All these 
Tillages ure on good slopes at fair altitndet^. 

Caterkam. Warlingham, Cheltham and some smaller pUcea are on 
chalk ; they mostly lie high where ihe chalk 'n capped by gravela and 
\ brick-eartli, but some parts are in valleys of die chalk; only farms 
L md scattered hamlele occur on the Weald Clay. 

■I Approitmate Domber of residents on Chalk, 2,243 ; on Upper Green- 
md, 60 ; on Gnnlt. 50 ; on Lower Greensand, 5,670 s on Weald Clay 
irith aome gravel, 500 ; on (he same without any gravel, 1,050; and 
B'Wi Ha« tinge Beds, 70. 

Phthisis death-rate for males - - - 241 

„ „ females - - - 323. 

Kote the small population, causing rates to be affected by numerically 
^ <f cases of phthisis. 

Acres, 41,732. Popnlalion, 19,121. 
e 1 and 6. 
A Chalk district in the main, the Chalk forming a alight trough from North Ayle»- 
ut to west acroRs its area, with the highest ground at the south. *'''°* 
of the Lrower Londoo Tertiaries, chiefly pervious, cfobb the 





ftistrict in the same direction, and tliere is a smiilt i 
London Clay. 

■""■ "■ . NoTthJitet and Slrood are the largost places. Tiie )' ..„ „_ 

iribf- *} ^^ "^ '^^^ ^^"'^^ ^^^ Thames, on Chalk covered by Uriok-earth and 
Fhihaiiai gravel ; adjaceut parts are on Thanet Sanda. Slrood wiih Frindabury 
offtcitd by ai'e on the same formations, great part lying low near the level of the 
Dampucta of Medwfty, but other parts of them being on rapidly rising ground. 
Soil.bs Some houses of Strood are on alluvium; parts of Frindabury on 
**■ -B-rAonon. xhanet ; Meopham vrith smaller villuges stands on Chalk. Shone and 
Cobkam are on fandy tertiarles over Chalk, on a good slope. L-owtr 
Hailing is at a lower level near a marsh, oi) gravel over Chalk. 
is on bare Chalk, sharply scarped towards the river. 

Approximate number of residents on alluvium, 276 ; on Lower Li 
don Tertiarics, 3,500 ; on Chalk, 15,34-5. 
Phthisis death-rate for males - 
„ „ females 
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[9.] Dover, Kent. Acres, 29,8H1. Population, 31,376. Map 3. 

A high Chalk district cut through by the valley of ihe Door. 

Dover itself is largely built upon shingle and estuary alluvium, 
higher parts upon a coarse rubble of fragments of chalk and flints. 
The Castle, the Citadel Barracks, and some houses of the town are 
upon bare chalk. Charlton, Buckland, and River are iu the valley, oa 
sharp slopes, on chalk or similar rubble to that of Dover. Charlton it 
slightly on alluvium. Other Tillages are on dry Chalk, generally Ijiog 
high. 

Estimated number of residents on alluvium, 1,791 ; on shingle, 8,0001 
on Chalk, 21,534 ; on vessels, 250. ' 



The occupation of many males being veiy special, and the true n 
number of males being uncertain, the published male rate appears to bsl 
of inferior value. But as corrections made ou these two ground! \ 
would probably be in different directions, with a tendency to put ihtj 
male rale higher, it is thought better to adhere to the mean of 
registered rates in assigning Dover its place in the series of district^ 
rather than to deduce a new mean from the lower female rale. 



[la] Bkomlet, Kent. Acres, 39,927. Population, 20,368. 
Maps I and 6. 

The southern part is of chalk with local cappiugs of surface clay. 
the ground slopes downwards from south to north, following the aif. 
The northern portion ia a Tertiaiy country, rising from the clutlk by* 
sharp escarpment about the middle of the district, and sloping down- 
wards to the north. This consists of outliers of London Clay, on a 
broad tract of pebble beds underlain by sands and clays. The 
part of the district is intersected by the valley of the Cray, 

The largest places ai-e Bromley, BeckenhaTn, and CUislehurat, 
on pebble beds and sands. Very small portions of these places ore on 
the more retentive Woolwich Beds and London Clay. Some Bmaller 
places are sirailwly situated. From their elevation and the slope oF 
their beds they must bo dry. Along the Cray Valley are tho four 
villages of the Craj/j and Orpington, seated indifferently on allaviai% 
gravel, Thanet Saod, and Chalk. Almost all the houses are on perrii 
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HitratA, bordering Btrcame on slightly sloping groanil, but lying r&tber 
■low. FamboTough and Keston arc high iip ou ibe slope of the 
Terliary escarpment. Cudham, Chesterjield, Knockhitlt, Down, and 
stber places are on Chalk. 

The road from Bromley through the centre of the district towards 
Sevenoaks gives h fiur notion of the slopes of the district. These are 
nmaerone and vai'ied, the extremes of height being 3oO and 210. 

Estimftted uuinber of population living on alluvium, 368 ; on un- 
oovewd London Clay, 1,000; on Lower tendon Tertiaries, 15,500; 

»tai on Ch»lk, .3,500. 
Phthisis death-rate fur mules - - - 2fi5 

„ „ females - - 3IW. 

These death-rates are aoraewlint lower than they should be, through 
the method adopted in the published return of taking the arithmetical 
'latead of the true mean number of a rapidly 



Populalion, 24,053. 
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ig population. 
[11.] Stetnino, i 



Acres, 44,344. 
Map 9. 

Geologically is in two parts ; a nortliom smaller purt ol' Weald Clay, Sleyning. 
Lower Greeusond, Gaitit, and Upper Greensand, and n southern larger 
part of Chalk. Both parts are intersected by the > " 
The Weald Clay and the Gault o - . - 

t mainly high and dry. 
■ Hope, a suburb of Brighton, is the largest place, situated on a flat of 
■halk, portly covered by gravel or chalky nibble, with a little brick- 
COTth. The elevation of the church is 44 feet al>ove the mid-level of 
the sea, and there is no water within 20-30 feet of llie surface. 
Shorekam is next in i-ize. It lies low, and, with A'etc SAoTeham, 
Soulhwick, and other villages, on chalk, borderiug the sea or near a 
river, and capped by alluvium or a few feet of brick-earth on the 
^^ehalk. Arte Shoreham liee flat, at about high-waler mark. Steunmff 
^Kfa at the foot of ihe Chalk hills, near the junction of the Chalk aud 
^^Sjowcr GreenBaud. Its soil is dry, water not coming nearer to the 
Hpirface tluiti 19-20 feel. Henjield and smaller villages are on Lower 
^KGreeneand. Mcnfield is partly ou the clayey (Sandgatc) beds. A few 
^■flmall places lie on the Weald Clay, at ito junction with thu Lower Green- 
V sand. The ground is everywhere undulating, and the Chalk rises to 
tills of considerable height. 

Estimaled number of residents ou alluvium, 120 ; on Chalk, 18,993 ; 
on Upper Greensand, 1,560 ; on gault, 53 ; on Lower Greeusand, 1,920 ; 

on Weald Clay (without gravel), 1,030 ; and 377 persona were on board 

^1 TesseU. ^^H 

^B Phthisis death-rat« for males - - - 287 ^^| 

^1 females - 304. ^^| 

H [12.] Chert8«t, Surrey. Acres, 43,541. Population, 18,642. 

■ - Map », and Section No. 74. 

^P In the main this dialrict consists of Bngshot Beds, with gravel and Chertiey. 
alluvium at the lower levels ; the middle and lower members of the 
Bagflhot aerieu are most represented, the middle being more or less 
clayey, ihe lower nearly pure sand. 

ChetUejf (with Addlexlmie) and Walton (with Henkam) are tha 

^^Ui^est places. These, wilh tVeybridge and Byfitct^ aie on thick beds 

^Kof groTRl, for the moat part underlain by BagaUut Sands, but at Walton 
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and Hersham by London Clay, Escept Chertoey and Byfleet 
villages are on fair elevations, but tbe lalier places lie low near : 
luid near Chertsey the land is liable to be flooded. Chobham a ■ 
largish villago on gravel, lying low, near a stream. Bagshot and 
Windlciham lie on a slope of the middle B^shot Beds. 
Approximate number of resideuta on alluvium, 400 ; on gravel over 
"-'' London Clay, 5,400 ; on BiigBhot Beds, 12,842 ; of which 2,400 may bft 
taken as on the less pervious Brncklesham Beds. 

Phthisis deolh-rate for males - - 268 

females - - 325. 
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[13.] Cboydos, Surrey. Acres, 32,803. Topulalion, 46,474. 
Maps 6 and 8. 

Of this district the town of Croydon forms so largo a proportion 
that its rate must largely govern that of tbe whole. It stands at the 
junction of llie Chalk and Tertiai'iea, where that line is cut through by 
the valley of the Wandle. Over the Thanet Sands, Woolwich Beds, 
and London Clay there is a thickish covering of gravel (15 feet or «oj 
in many pai-ts of tbe town. The Wandle is here a nailbourne, and 
rises at vai'ious points along the valley according to the wetness of the 
year. The works that have been undertaken for the sanitary improve^ 
meut of Croydon were in the main completed in 18o3, or at the eu^lj 
part of tbe period to which the subjoined phthisis rates refer. Befon 
their eseculion the lower parts of the town were very wet, as might b% 
inferred from geological considerations, and the roads were cborgedU 
with water in wet weather. The drainage works of 1850-53 consiste' 
inter alia, in the removal of a milldaro, the construction of a cnlvert . 
take off the water of the chalk in wet seaaona, and the pumping <rf 
much wat«r from deep wells. A notable influence was produced en 
the water of the soil, and it is shown in the Report of last yeai- (page 
102) that, simultaneously with this chaage, a considerable reduction <£ 
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Mitckam is on grave! over London Clay, ( 
the Wandle. Penge and Upper Norwood a 
gravel ; the former stands somewhat low b 
latter at a. high level. There are scattered 
the pebble beds and sands of the Tertiarie 
cose having good natural drainage, 

Approximate number of residents on alluvium, 474 ; on gravel 
London Clay, 16,000; on Loudon Clay without gravel, 11,600 
Lower London Tertiaries, 9,800 ; and on Chalk, 8,600, 

Phthisis death-rate for males - - - 331 

„ H females - - 275. 

Besides the consideration above stated, observe that Croydon toi 
and some other parttt of the diati'ict are much used 
well-to-do Londoners ; and consider further, that ii 
rapidly iocreaaiug population, the method by which the published 
are computed, viz., on the arithmetical mean population between 
censuses — by making the population larger than the true mean of 
years — makes the published rates unduly small. 

[15.] Cranbbook, Kent. Acres, 40,249. Population, 13,412. 

Maps 5 and 6. 

A district of tbe Hastings Beds, consisling of hills and valleys i 

Tuubridgo Wells Sauds and Wadhurst Clay, with a small patch i 



case of i 





Weald Clay at the north-oast. In aeveral I'lacea, in vulleys and along Arpad 
f&altd, Ashdown Sand comes to tlie surface. The nnai may be cou- — - 

si(Iei-<>(I as two-thirda sand and one-tliird clay. It rises to a moderate ^ '^i' ^ 
elevation : from 200 to 400 feet above the aea level. ,"ib^ 

CranbTOok itself is on a rise of Timbridge Wells Sand above PkthiA 
Wadhurst Clay, with good natural drainage. Goudhurat is on much affaiti 
the same formations, but is placed on a sharper slope and on higher DampM 
ground- llawkkuTsl and various villages on the south of the district „ ^^lA 
lie just on the junction of the same sand and clay, evidently having ■ ""■■ 
been placed here for facility of obtaining Mater. Beuendetl is on tbs , 
Wadhursl Clayj Fritienden on Weald Clay. 

Oi (ho residents tn this district 100 are estimated to live on Weal4 
Clay with gravel, 800 on Weald Clay without gravel, 1,200 on the clayi 
of the Uasliugfi series, and 11,312 on its sandy beds. 
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[16.] RiCHMOKD, Surrey. Acres, 4,339. Population 18,802. Map 7. 

This district is )>ouiided on the north and west by the Thames, and Bid 
consists wholly of London Clay, in great part covered by gravel and 
»and, but with very little alluvium. The gravel makes a broad flat 
along the Thames, except at the southern part of Richmond, where the 
London Clay is touched by the river, and forms a steeper bank for half a 
mile. There are also flat caps of gravel on the clay hills of Richmond 
Park. The London Clay rises up from beneath the gravel southwards 
and eastwards. 

Richmond is placed at the edge of the low-level gravel, and partly 
on the rising ground of London Clay on the south. Petersham, Kcw, 
Mortlahe, and Barne* are on the gravel. 

Twelve bundled people are estimated to live on London Clay without 
gravel, and the remaining 17,602 of this district upon gravel over 
London Clay. 

- 375 



[17.] KISG9T0N. Surrey. Acres, 22,487. Population, 36,479. 

Maps 7 and 8. ' 

A district almost wholly of London Clay covered by grarol, along the Kinplo* 
Thames. Esher alone is on n patch of'Bagshot Sand. 

The greater part of Kingiton is on gravel over London Clay, the 
surface of the ground sloping tdightly (but that of the clay rather 
more) towards the river. Some newer )iarte of the town are on a slope 
of the day. Probably the wnterline in the gravel is about 10-15 feet 
from the surface. Thames Ditton and East and R'esl Moleaey ar« 
flimilarly placed on gravels over clay, but without the rising ground 
of clay behind. fVimbledon, Lony Dillon, and Maiden are almost 
wholly on gravels over Loudon Clay, 

Approximate niwiber of residents on Bagshot Beds (all pervioas), { 

1,460 ; on London Clay with gravels, 28,839 ; on the same without 
gravels, 6,200. I 
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Kingeton may be taken as hd illuBtraLiou of the error arising ^m tlw* 
metliodin which tUedeath-i'atcsof'Piirliatnenlaryi-eturQ No. 12 have bees 
computed. The rales have been tukea aa the arithmetical mean of tl 
population at the two ceususee, 1851 aud 1861. This is larger than ti 
true meoD number of people living in the district between the twal 
censuses. The death-mtea couaequently come out s 
true death-rates. In Kingston diatrict the death-rate of females, 15- 
from phthisis ia given (Parlinmentaiy return) at the above figures, 21% 
Computed upon the more correct mean number of females at tliat agq 
with the asaumption that the mte of increase was uniform between 1851 
and 1861, the death-rate in females was 287 ; or computed on th 
data of tlio three censuses 1841- H-6I, which show that the rate o 
increase was itself rapidlj increa.°ing, the truest death-rate that con b 
got for females aged \&-5$ turns out la be 293. 

Now Kingston, especially in its female rate of increase, is u 
extreme example among the districts under consideration, of a district 
altering its population otherwise than by the natural methods of in- 
crease. This being po, and the extent of eiiv>r being ut the most on^ 
between 279 and 293, the death-rates given for other diatricts in llw 
Pai-Jiameiitary return may be taken as seldom varying very seriously, I)| 
reason of population fallacies, from the true rates. 



[18.] Elham, Kent. 



Acres, 43,197. 

Maps 3 and 4. 



Popuiation, 26,925. 



The northern two-thirds are mostly high, and consist of Chalk wid 
irregular patches of surface clay and a little sand, but this pai-t H 
thinly populated. Tlie southern ttiird is at a considerable height, an! 
consists ofGault vrith Lower Grecnsand (the Upper Green sand lieing 
here Insigniticaiit}, with Weald Clay at the extreme south, at Hytbe { 
hereabouts, loo, a small part of the district is on marsh. 

FatheHone is the chief town. The eastern and north-eastern parts of 
it (which only lately have been much built on) ore on gault, on a geatlai 
slope. The main part is on the upper division of the Lower Greensaa^ 
which heiv consists of sand witli irregular layers of sandstone, tte 
" Folkestone Beds." The levels of the lown range from 66-1 IS at>ova 
tnid-level of the sea. East ClilT and West Cliff have both good slopei 
to the valley, and the soil must everywhere be very dry, c.vcept perhaps 
in a-few small places where brick-earth and gravel occupy the valley. 

Hythe is at the foot of the escarpment of Lower Greensand, where tht 
Alherfield and Weald Clays are covered by masses of the pervious strtti 
fallen from above. Its southern part is on shingle. The ground a* 
which the town stands slopes downwards pretty rapidly from north tp( 
south. Above the town, on the north, the pervious Lower Greenuandi 
stands in clifls. On the east and west of the [own, however, there 
deep valleys in which the waters of the Greensand are thixiwn out by 
Atherfleld Clay, and this bed lies not far below the suiface, in the prinoipat 
part of Hythe. There are many springs at and just above the towib 
Sandgate is mostly on the loamy beds of tiic middle division of the LowflT; 
Greensand facing the sea, some 10 feet above high-water mark. Elhawt 
and Lyniinge are on a strip of gravel in a chalk valley, the latter plaoe 
at a watershed ; and they are dry enough. Other villages on the chalk, 
are on spots where thin caps of clay or gravel exist, at high leveta;. 
and dry. The camp at ShornelitTe, with 4,204 military in 1361 (nona 
in 1851), ia on the Folkestone Beds before mentioned, on a well- 
drained wih 



7.1 

Of the population of Elham district, it is estimated that 370 live on Appendix. 

alluvium^ 3,975 on Chalk, 2,660 on Gault, 17,420 on Lower Greensand, 

and 2,500 upon Weald Clay. ^^^ ^^ 

Phthisis death-rate for males - - - 232 tribution of 

„ „ females - - 323. Phthisis m 

Note the soldiers as a probable disturbing element of the male rate. DampueMof 

£19.] Bleak, Kent. Acres, 32,221. Population, 16,161. Map 3. ^'' ^"^"^^ 

A Tertiaiy district. The divisions of the Lower London series crop Blean. 
out along a line roughlj parallel to the channels of the Stour and Want- 
some on the south and east. To the north and west of this line 
London Clay forms a hilly wooded country, with drift gravel on its 
higher parts. Along the Stour there is in many places a slope of 
gravel and brick-earth, and a flat of alluvium. 

A north-west suburb of Canterbury reaches into this district. It is 
on a slope (120 to 60 feet) of brick-earth over Thane t Beds and chalk. 
Whitstable is on shingle and alluvium, lying low, nearly on the sea 
level. The town of Heme Bay is on almost a flat of London Clay, 
20-30 feet above the sea. Heme itself is on an inlying patch of the 
sands below this clay. Sturry lies on a flat of gravel just above the 
Stour (15-16 feet above mid-level of the sea), where the river ceases 
to be tidal ; it must be water-logged. Blean village stands on a slope 
of London Clay, where it is thinly capped by gravel. Other places 
are on the Lower London Tertiaries or at the edge of the London Clay, 
and do not appear to be wet. 

Approximate number of people living on alluvium, 2,100 ; on shingle, 
700 ; on London Clay, gravelled, 950 ; without gravel, 5,800 ; on Lower 
London Tertiaries, 6,61 1. 

Phthisis death-rate for males - - - 286 

„ „ females - - - 344. 

A small addition to these rates should be made for patients of Blean 
dying in the Kent and Canterbury Hospital, but the amount of this 
correction is inconsiderable. 

£20.] Bridge, Kent. Acres, 41,394. Population, 11,316. Map 3. 

Consists of a northern part of sandy Tertiaries and a southern part of Bridge. 
Chalk, the former lying somewhat low and sloping towai'ds marsh, at the 
edge of the Stour, the latter consisting of high downs with valleys, in 
some of which intermittent streams (known as nailbom-nes) occur. 

Along the valley of the Little Stour, which is often dry in a great part 
of its course, there are eight or ten villages on Chalk or valley gravel, 
evidently placed here for the sake of water. Other villages are on the 
high Chalk country. Chartham and some other places on the Great 
Stour are very probably kept wet by the milldams in the river at Can- 
terbury. Fordwieh and Stodmarsh are near the same river, where it is 
tidal below Canterbury, on low lying tertiary sands and valley gravel. 

Number of residents estimated to live on alluvium, 400 ; on uncovered 
London Clay, 50 ; on Lower London Tertiaries, 3,680 ; and on ChaUc, 
7,186. 

Phthisis death-rate for males ... 244 

„ „ females - - - 418. 

In 1851-60, seven males and two females from Bridge died in the 
Canterbury Hospital of phthisis, being between the ages of 15 and 55. 
20571. F 
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This he largest number of deaths from any outlj-ing tlistricl occnmng 

there, an Doirection has therefore been made for them. This ia » good 
illuBtrnriou of the Jegreo of dimurbing influence likely to aiiao fitim the 
presence of a county hoepitBl in an adjoining distriet. The coiTectwd 
rates are — moles, 259 j females, 425 ; and the difi'ereuce from the i-egUtered 
rale is therefore of no material omouut. 



[21.] Gratesknd, Kent, Acrea, 1,641. Popiilat ion, 18,782. Map 1. 

A email district, compriaing Graoesend and JUUtoii-n^xl-Graveteiid, 
which form a smgle town only. It coneislfi of a Tertiary outlier of the 
Thanot, Woolwich, and Oldhuvcn Beds, upon Chalk. Upon the dope of 
this outlier, and on Chalk between it and the Thames, the tonii of Gmvet- 
cudid built, the greater part being on Chalk and Thanct Sand. T)ie onljM 
impei-\-ious portioua in i>i" le claye in the Woolwich BedM 

and clayey parta ot the b. Thanet Sand. In view of Ihco^ 

and of the slightly trouj,.— -a the base of such outliers aa theM^ 

there is a likelihood of ea iiiuua uf the town l>cing iiere and there 

damp. Near the edge of I'er, too, the foundations of the housee arc 

near the water-line of the enaik ; but the great bulk of the people liie 
on quite porous and sufficiently eloping dry soil. 

Estiniated numberof people reeidon ton alluvium, 50 ;onLowurI,ouiloa: 
Tertiaries, 4,000 ; and 13,989 on Chalk ; and 743 on board \-vaeo\s. 



d<» J 
.nlrJ 



Observe the Tory disproporllonate male dooth-rate, of which the 
explanation that can be suggested is, that Gravc^tend is not a little used In' 
the poor of the east end of London, who, when they get consumptive, find 
thie town cheap, and to their notions lilce the sea'Side. This use of the 
town would probably Iw more by niale^i than females. — Ague is on the 
deeien^e in Graveseiid, except in fo far us it is imported from Eeaex. 
On the dispensary books 61 cases of intermitteuta appeared id 1856, 871 
in 1859, and 235 in 1860. 



[22.] East G&instead, Sussex and Surrey (Lin^eld). Acres, 61,317. 
Population, 14,097. Maps 5, 6, 8, 9. 

XMtGrinitesd. A wholly rural district, on the various sands and clays that make ap 
the Hastings Beds of the Wealden series. VerysmallportofWealdCUy; 
more than three-quarters of the area are sand. There must be coDmdenUe 
variety of natiu^ drainogehere,butforthemoetpart it isgood,thebediM 
well as the contour of the counby having a fair slope. Crowboroogli 
Beacon, the highest point in the Wealden country (800 feet), is atjfta 
south-cast edge of this district, on the boundary of Uckfield. 

The largest place is Eatl Grinstead itself; a long street in the coorw 
of which are found alternations of sands and clays, known as the Upper 
Tunbridge Wells Sand, the Gtinstoad Clay, the Lower Tnnbridge Wells 
Sand, and the Wadhurst Clay. Most of the town is on a slight rifle 
of the Lower Tunbridge Wells Sand, the clay beneath sloping away so 
that the sands cannot be watei-logged. Hartfield, Withyham, and Forest 
Row are on the Aehdown Sand, near the bottom of a valley, where the 
ground slopes towards a stream. Crawley, at the north-western etsroxx 
of the district, is on Weald Clay, flat and moist. Part o{ Lins/teldis ou 
Weald Clay, part on Hastings Beds. 
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Approximate number of population living on Weald Clay (without Appemwx. 

gravel), l,6oO ; on the sands of the Hastings Beds, 11,547 ; on the clays 

ofthe«me,900. ^No.6^ 

Phthisis death-rate for males - - - 303 tributioH qf 

„ „ females - - - 363. Phthinstu 

affected by 

[24.] Reigate, Surrey. Acres, 51,276. Population, 20,109. ^"sST^^"^ 

Map 8. j}r, Buchanan, 

The northern quarter of this district is Chalk with local cappings . "^^ 
of surface clay and loam, and some outliers of Thanet Sand. Then ^*8**«' 
across the district, from cast to west, run narrow bands of Upper Green- 
sand and Gault, with a broader band of Lower Greensand. The 
southern two-thirds of the district is Weald Clay, in great part capped 
with gravel, particularly along the streams. This clay is not altogether 
flat ; the London and Brighton railway passes through some six miles of it, 
in which are elevations of 210, 250, 180, 210, 150, and 185 feet— a good 
deal of variety for a Weald Clay district. 

Reigate and Redhillare placed on the edge of the Gault and on Lower 
Greensand ; they are mainly on the upper more sandy division of the 
Greensand, the middle more clayey division cropping out south of the 
town. Their natural drainage must be good and their soil dry. Besides 
other places on the Lower Greensand, Betchworth is on the lowest sandy 
and stony beds of this formation, where it is capped by some gravel ; 
the western part of Betchworth, however, lies low and flat, nearly upon 
Weald Clay. 

Headley and WaUon-oiuthe'Hill are on sand outUers over chalk. 
Upon the remainder of the chalk area are scattered villages and hamlets. 
Gatton and Merstham are on Upper Greensand ; a part of the latter 
stretches down to the Gault, but on Gault itself there is scarcely any 
population. On the Weald district are many small villages and farms, 
most of them being placed on the thin irregular beds of gravel which 
overlie the clay. 

Estimated number of residents on London Clay (uncovered), 50 ; on 
Lower London Tertiaries, 350 ; on Chalk, 1,480; on Upper Greensand, 
1,020 ; on Gault, 240; on Lower Greensand, 10,580 (of whom 1,000 
may be taken to be on the Sandgate Beds) ; on Weald Clay with gravel, 
4,389 ; on the same without gravel, 2,000. 

Phthisis death-rate for males - . - 322 

„ „ females - - - 352. 

[25.'] Eastboubne, Sussex. Acies, 38,072. Population, 10,721, 

Map 5. 

A coast district. The southern half is bare chalk and high ground. Eastbourne. 
The north-eastern half slopes from the Chalk downwards, over Upper 
Greensand, Gault^ Lower Greensand, Weald Clay, and Tunbridge 
Wells Sand, to the Pevensey Level, marsh and Weald Clay. 

Eastbourne village is at an elevation ranging from 89 to 21 feet, on 
the edge of the Chalk, and the new town stretches over the Upper 
Greensand. Below this is the impervious Gault clay, the slope of which 
however is such as not to affect the natural drainage of the houses that 
lie on the pervious beds above. Seaford is on Tertiary Sand over Chalk, 
on a river at the edge of the sea^ and must also have good natural 
drainage. Pevensey and Westham are low-lying places (21 to 10 
feet), at the edge of the marsh land. Several small villages lie either 
at the junction of the Chalk and Upper Greensand, or else on the chalk, 
at varioiiB leyels. East Dean has 144 feet of altitude. West Dean^ 

F 2 
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Lullinglon, and AlfrUlon, being in Talleye, mny have the subsoil water 
near the surface. 

Approximate number of real dents on iilluviuin, 60; on shingle, 200 { 
on Lower LondouT^rliarieB, 1,000; on Chalk, 5,071 ; on Upper Greeii- 
eaud, 3,160 ; on Lower Greensond, 50 ; on Wrald Clay without gravel, 
100 ; and oa sftud of the Hastings Beds, 1,080. 

Phthisis death-rate for malea - - - 280 

,. „ „ females - - - 392. 

Possibly these rates might be a trifle lower if deduction were nmd« 
for visitor invalids dying at Eastbourne. 

[26.] Farkdam, Surrey. Maps 8 and 9. Acres, 31,197. Popula- 
tion, 30,707 ; having increased from 11,743 in 18.51, mainly by 
reason of the establishment of Aldershot Camp. 

It is a long straggling district. Tertiary and scconilary f;)rmalL0us 
are represented in it from the Bagshot Beds at the north, to the Lower 
Greentiand at the south. The Bagshot Beds foi-m high ground, the 
less pervious members of the series (Brackleeham) being on the sloiic 
of the hill, which has sands (ITpper BagaLol) and more or less drift 
gravel at the top. The London Clay t!icn (with various undulations) 
slopes downwards to the valley of theBlackwater, where clayey Ken ding 
Beds form a narrow flat tract, which is however uniuhobitcd. Then the 
chalk rises in a gentle hill, on the other side of which the lower ground 
— the valley of the Wey and a branch of it — is formed by Gault, cropping 
out with considerable dip. Fi'om hence the Lower Greecsaud rises to 
a considerable elevation, 

Aldershot South Camp, and the towns that are erealioos thereof, ara 
on B fair elevation and slope, on the upper and middle divisions of the 
Bngshot Beds, bordering the Blnckwater. Parts of the village of 
Aldershot extend on to London Clay. Frimley stands on gravel, and a 
small pni'l ou alluvium'. The town of Farnham is chiefly on gmvel over 
Ganit, small parts being on allnvium, on Chalk, and on grayfil orer iJower 
Greensand. fVrecklesham is somewhat similiarly circnmstanced. Arti- 
flcial drainage would certainly be required to keep such a soil u thia 
from being wet over a great portion, and this boa not been Bopplied 
upon any considerable scale. There are outlying villages on the Lower 
Greensand ; the chief of them, Fretuham, is in the v^ey. 

Approximate nnmber of residents on allnvinm, SOO ; on Bagehot 
Beds, 20,457 [an miknown portion of whom (in Aldershot Camp) arew 
the Bracklesham division] ; on uncovered London Clay, 3,220 ; on Chalk, 
200; on Upper Greensand, 50, Gault, 2,680, and Lower Grree&nad, 
3,800 ; all of which last may be taken as sandy. 

Phthisis death-rate for males - • - 286 

„ „ females . - . 349. 

Note that the military hospital for the whole of Aldershot Camp (in- 
cluding the northern part in Famborough district) is sitnated here. 
The male rate cannot be corrected, and as it stands ia of no value. The 
female rate is probably subject to certain minor disturbing inflaence^ 
but their effect cannot be estimated. 

[28.] HAUBLBl>Ot(, Surrey. Acres, 60,351. Population, 13,907. 
Maps 8 and 9. 

The northern and western boundaiies of the district project into ft 
Lower Greensand country, where eand and calcareous sandstone ftnt 
bigh ground that slopes to the north, and has excellent drain^e. Thit 
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part, thongh of small area, has nearlj half the popalatiou. The Appevdu. 
remainder is a tract of Weald Clay, with a patch of valley gravel ; the -^— 

population here is in scattered hamlets. The Section of the Geological r^J^?' «• 
Survey, No. 73, running northward from Haslemere across the Hog's tribution *of 
Back into part of the Famborough district, shows well the shape of the Phthisis as 
ground and the arraugement of the beds in the western part of this affected b^ 
district. Dampmets of 

Haslemere is on Lower Greensaud, at the junction of the Ilythe Beds, ^^ n^t^ 
(sandy and stony), with Athei-field Clay. The houses are built on the ^''' ^^**^^ 
pervious strata beds, of which there is hei*e but a small thickness above 
the day. Witlet/y Thursley^ and other places, are also on the Hythe 
Beds, at good elevation, the clay having a good slope beneath the 
pervious beds. BrOfnleyy Wonershy and EUtead are similarly placed, 
on gravel at the edge of streams. On the Weald Clay, Crawley and 
Chiddingfold are the chief places ; the former lies low, and is necessarily 
wet ; the latter is on some slope towards a stream. 

Estimated number of population living on Lower Greensand, 6,837, 
all of them on sandy beds ; on Weald Clay, with more or less gravel, 
2,820 ; on Weald Clay without gravel, 4,250. 

Phthisis death-rate for males ... 275 

„ „ females - • - 411. 

[29.] Battle, Sussex. Acres, 54,000. Population, 12,680. Map. 5. 

The whole district is on the Hastings Beds of the Wealden series ; Battle, 
nearly half is Wadhurst Clay ; there is a little alluvimn, and the rest 
(more than half) is sand. The general contour is a ridge i-unning 
from N.W. to S.E. through the centre of the district, with irregular 
subordinate ridges with streams in the valleys between them. The 
elevation of the groimd is moderately high, its highest part being 
600 feet. 

Battle is on a moderate hill, at the edge of a bed of clay. The ground 
sloping from the town on the N.E. is sand, on the S.W. clay. There 
is good surface drainage, and the underground drainage is probably a 
good deal facilitated by the a^'acent ground being faulted. Bexhill, the 
next largest place, lies with neighbouring parts, on a hill of sand over 
clay (100-150 feet elevation), and the surface slopes down from it in all 
directions. Seddlescombe is on sand, sloping to a brook. The villages 
generally stand on high ground, and not immediately upon streams. In 
this position they have excellent facilities for natuml drainage. 

Estimated population living on clays of the Hastings Beds, 2,500 ; 
the remaining 10,180- being on the sands of that formation. 

Phthisis death-rate for males ... 250 

„ „ females ... 338. 

[30.] CAifTEBBURT, Kent. Acres, 3,121. Population, 16,643. Map 3. 

The registration district includes only part of the city, which extends Caoterbory. 
into Bridge and Blean districts. The district lies on the right bank of 
the Stonr, and part of it on an island formed by the division of the river. 
The streams here are greatly dammed up, and the houses are built quite 
to the edges of them. The I'ange of elevation in the city is from 35 to 
25 feet above the mean level of the sea. The island and some parts 
beyond the eastern division of the river are on alluvium, and are subject 
to be flooded. From this fiat tract rises a gentle slope of gravel and 
made earth, and on these the cathedral and the greater part of the town 
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stand. At the south-east chalk comes to the surface, and at the north- 
east Thanet Beds capped by gravel. On these formations houses are 
built in the outskirts of the town. Anj artificial drainage that has been 
done in the city, and it is too recent to affect the rates on which this 
inquiry proceeds, can have had little effect on subsoil, as the milldams 
are preserved, and the town is still liable to floods at its lowest levels. 
Wells in the town are supplied from the superficial porous strata, largely 
assisted by percolation from the river. Water is reached at 6-iO feet 
below the surface. The barracks get a copious water supply from the 
chalk. 

Approximate number of residents on alluvium, 1,600; on Lower 
London Tertiaries, 3,000 ; and on Chalk, 12,043. 

Phthisis death-rate for males - - - 441 

„ „ females - - - 328. 

Note the presence of the Kent and Canterbury Hospital as a slight 
cause of artificial increase in these rates. Note also the barracks 
(1,597 soldiers) and the county prison (93 inmates). Mr. Reid, of 
Canterbury, has enabled correction to be made for the deaths of per- 
sons dying in these establishments, and not having previously resided 
in the district. Thus corrected, the male rate becomes 400, and the 
female 298. 



[32.] HoLLiNGBOURNE, Kent. Acres, 57,017. Population, 13,584. 

Maps 3 and 6. 

HolUngboimic. Consists (a) in its northern half of a Chalk country, about 600 feet high 

at the escarpment, and falling thence northward with a gradual slope ; 
and (b) in the southern half of a narrow strip of Gault with a broad 
band of Lower Greensand (sand and limestone), forming a rising ground 
near the Chalk escarpment ; and (c) a flat of Weald Clay, wet and low, 
with patches of gravel over it. 

Lenham, Boxleyy Hollinghourne^ with smaller villages, lie at or near 
the bottom of the Chalk escarpment, partly on the Chalk, pai'tly on the 
gault. Stockhury and other places are on Chalk. The two SuttonSy 
Leeds, &c., are on the lowest beds (Kentish Rag over Atherfield Clay) 
of the Lower Greensand, high, on a good slope. Ileadcorn is a village 
on the Weald, bordering a brook, and lies low, with a slope of only some 
15 feet in a mile. 

The population living on chalk is about 4,330 ; on gault, 1,250 ; on 
Lower Greensand, 5,074 ; on Weald Clay, 2,930, of whom 500 are on 
more or less of gravel. 

Phthisis death-rate for males - - - 310 

females - - - 394. 



» 



Mailing. 



[33.] Malltng, Kent. Acres, 47,398. Population, 21,447. Map 6. 

On the north this district has a narrow portion of the chalk escarp- 
ment ; then a belt of Gault lying at a much lower level and wet : then 
follows a broad tract of Lower Greenland (sand and Kentish Rag), 
gradually rising upwards to the south to a height of 400 ^QQt, and having 
on it the gi-cater part of the population. On the extreme south there 
is Weald Clay, slightly covered with gravel, mostly over 100 feet above 
datum, and in some parts as much as 200 ^iiQi, 

Wrotham is the largest place ; it stands high, on chalk, at the foot of 
a hill near gault. Stwdland is low, on gault, where some gravel covers 
it, at the edge of the Medway. Biirham and T rotter scliffe are also on 
gault. 
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West Mailing and many other villages are scattered over the Lower Afpshbiz. 

Greensand connlry, from the Gault to the Weald Clay ; all are on fair 

slopes. The two Peckhams, WcUeringbury, and 3fereworth are at or ^r* ^ ^. 

near the junction of the Kentish Rag with Weald Clay ; but their eleva- ^^u/^ of 

tion appears such as to allow of natural drainage. Aylcsford is lower, phthUis at 

on gravel over sand (Folkestone Beds), bordering the Medway. affected Zy 

Small villages only, of no consequence, are on the Weald Clay, mostly Dampnen of 
where there is some gravel over it. i^hmm^ 

Of the whole population, the approximate number on alluvium is 100; ^___^ 
on chalk, 2,780 ; on gault, 1,630 ; on Lower Greensand (its pervious 
beds only), 13,300 ; on Weald Clay with gravel, 2,220, without gravel, 
1,417. 

Phthisis death-rate for males - - - 290 

„ „ females - - . 423. 

[34.] East Ashford, Kent. Acres, 54,498. Population, 12,286. 

Maps 3 and 4. 

At the extreme north a few houses stand on some high-lyiug East AshfordL 
Tertiary Sands. The northern third of the district is Chalk (with 
irregular cappings of clay and loam), at its usual high level. Across 
the middle, ftt)m east to west, runs a band of Gault clay covered, between 
Wye and Ashford, by a thin layer of loam or gravel, whilst on the east 
of the Stour it is lower and more wet. Then to the south, about half 
the district is Lower Greensand (sand, sandy clay, and limestone), and 
at the edge of Romney Marsh it comprbes a little Weald Clay. 

There is no place of 2,000 inhabitants in the district. Wye and 
Kennington are on slight slopes of gault at the junction with the chalk, 
parts of their sites being capped by gravel. The river Stour runs by 
Wye, and provides the gravel waters with ready exit. Brahourne and 
Brook are on slopes of gault without gravel. Other villages along the 
valley of the Stour are on chalk or on gravel, or caps of clay over it. 

Willesboroughy a largish village, and other smaller ones, are on more 
or less pervious beds of Lower Greensand, generally on a rise. At the 
extreme south are several villages upon Weald Clay bordering alluvium. 

Approximate number of residents on alluvium, 200 ; on Lower 
London Tertiaries, 100 ; on Chalk, 3,650 ; on Gault, 2,480 ; on Lower 
Greensand, clayey parts, 600, sandy parts, 2,520 ; on Weald Clay 
without gravel, 2,486 ; on Hastings Beds, 250. 

Phthisis death-rate for males ... 262 

„ „ females - - - 456. 

Observe the striking difference in the rates of the two sexes. 

[35.] Sevenoaks, Kent. Acres, 67,488. Population, 22,039. Map 6. 

At the northern part of the district there is a little Chalk, at a high Sevenoakf. 
level, and partly covered with loam. Next a strip of Gault, about a mile 
broad (with an insignificant outcrop of Upper Greensand), crosses from 
west to east. Then comes a broad band of Lower Greensand, rising 
southwards to its escarpment (where the Kentish Rag is at a height of 
from 500 to 700 feet), succeeded by another broad band of Weald Clay. 
This is mostly flat, with very little gravel. The central parts lie at 100 to 
200 feet above Ordnance datum, the southern part less, and the northern 
more (from 300 to 400 feet near the greensand escarpment). The 
southern quarter of the district includes various beds of the Hastings 
series, and of this about half consists of Wadhurst Clay, or is covered 
by allayium. 




ArFENuix. Sevenoakf atanda at a fair height, on the uppci* divieioD (Folkeetooe 

Beds) of the Lower Grcensaud, on n parTious soil underlaid by the alsi 

n«"i Tc pervious Kentish Rag, IVesterham, on similar formations, is 

^huiioTif ^a'ley. These ore the two largest plflcea. Sxndridge, Brasted, ft 
FkUtiii-'is other villages lie much like Westerhum, and have beeideB more 
affeeiidhy gravel along the Btream in the valley. Water ia probably neai 

Dampne't of Burfiice here. Seal h situated at a greater height ou the same beds, I 

SmI. bf, Eflenbridge is on Weald Clay on a river where there is vnlley gravel, I 

_ but this place too la low. Letffh is a village on a slope of Weald Claj. I 

PttuhuTst, on the country of the Hastings Bed?, ia on gravel over ai 

between two streams, where the ground is low and wet, 

A aeotion. No. 77i very recently published by the Geological Surv^, shi 
instructively the contour of the country hereaboutB, and the gcolosind rel»- 1 
tions of the surface. It runs hora Groambrid(;e, on the boundary of Kent and 
Sussex, northward, along the west cdf^e of the district, to Kynesford in the 
Dartford district. The county boundary is a brook, the watercourse being 
formed by draina{(e from aslope of Wsdburst Clay meetioK the softer Tunbridge 
Wells Sand at a fault. For two and a half miles northward of this boundon 
the Wadhurst Clay, slightly troughed, is covered by Tonbridge Wells Sand and 
an outlier of Weald Clay, rising to a hill of some ■100 feel. The valley of the 
Medway (10(> feet above datum) is here formed by Asbdon-n Sand, flanked by 
Wadhurst Clay on either side. 'ITic Ashdown Beds, with Wadhurst Clay over 
them, rise on the west of the Medway to Rogues Hill, ^50 feet high. To the 
north of the river the section runs through about four miles of Weald Clay, in 
which extent the differences of elevation do not amount to more than 30 or 40 
feet. Tlie South-eastern Railway is crossed by tbis section at a point about 
160 feet above datum. [In the west to east course of that railway through tha 
Weald, about eiyht miles are in the Sevenoaks district, at a part where the 
Weald Clay is more than usually undulating. Iliere are six cuttings and three 
or four embankments in this distance ; the common extremes of height are 200 
and 140 feet, but one spot is only 105 feet high, where there is a stream and 
grnvel.] In all the Weald Clay tract, except at the edges of streams, there 
are only scattered farms and hamlets. The northern edge of Weald Clay rises 
considerably near the junction with the Lower Greensand, where the attitude of 
500 feet is rapidly reached, to which the Lower Greensaod in the course of another 
quarter mile adds 200 feet more. From this point northward the Lower Green- 
sand slojies down gradually with the dip to its junction with jjault. This, 
with a thin band of Upper Greensand. begin a slight rise, upon which Ibllowf 
the great Chalk caearpment at the extreme north of the distnct. 

Approsimale number of residents on alhrvium, 100 ; Chalk, 
Upper Greeusaud, 510 ; Gault, 925 ; Lower Greeusaud (all porviout \ 
beds), 10,200 : Weald Clay with aome gi-avel, 1,220; the same without | 
gravel, 3,640 ; Hwtings Beds, 3,614, viz. 1,000 on clays, and 2,614 on J 
sands. 

Phtfaiais deatli-rate for males ... 295 

n ,■ females ... 427, 

[36.] Guildford, Surrey. Acres, 65,592. Popolation, 29,330. 

Map 8. 
The northern half of thia district consists of low -lying Tertiary hoAt, ' 
Bagshot Sauds, London Clay, and Reading Beds. This Terliary put a 
moderately undulating ; within 7-8 miles the road from Guild^^ lo 
Ripley ahowa elevations of 160, 106, 140, 84, 85, and 140 at aix points 
pretty nearlyequidistnut. Across the middle, from eaat to west, runs ft 
ridge of Chnlk with very nai-row bands of Upper Greenaand and Gault J 
parallel to it. The southern third of the district is a tract of Lower 1 
Greenaand (with an inlier of Atherfield Clay and Weald Clay on the I 
Bouth of Guildford, covered by sand and gravel), and this part is well f 
placed for height and natural drainage. 
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The town of Ouildford is in the main on chalk, where the ridge is Appkndec. 
cut through by the valley of the Wey. Its elevation ranges from 300 *; — 

to 140 feet. A portion of Stoke pai*ish, comprised in the town, is on /^^?* j^- 
Reading Beds, at a very small slope. With this exception the town is iribat-on of 
on a slope, and dry. Godalming is the second largest place ; situated Phthisis as 
on gravel and Lower Greensand close to a river, and rising gently affected by 
(about 40 feet in a half mile) from the river, A part on alluvium has dampness of 
scarcely any houses on it. ^ b. ha 

Woking and some other places are on low-lying gravel and Bagshot * 

Sands, between streams. The edge of Woking is on alluvium. 
Worplesden and Pirhright are on the middle and more clayey division 
of the Bagshot Beds, and are at a low level. A number of villages, 
Horsleys (!2), Clandons (2), and MerroWy are placed at the junction of 
the Tertiaries with the chalk, parts extending over to the London 
Clay. Sherej Comptony and other places are on the pervious beds of 
the Lower Greensand, slightly sloping upwards from streams. 

Approximate number of persons living on alluvium, 370 ; on Bagshot 
Sand, 5,450 (of whom 1,200 may be taken as on the clayey Bracklesham 
division thereof) ; on London Clay covered by gravel, 2,200 ; on the 
same without gravel, 2,550 ; on Lower London Tertiaries, 1,350 ; on 
Chalk, 8,200 ; on Upper Greensand, 20 ; Gault, 40 ; and Lower Green- 
sand, 8,760 (the Sandgate Beds thereof being unrepresented) ; on Weald 
Clay, 380, of whom 280 live on more or less gravel over the clay. 

Phthisis death-rate for males ... 359 

„ „ females - - - 379. 

[37.] Farnbo ROUGH, Sun'ey and Hants. Acres, 39,57 L Population, 

14,318. Maps 8 and 9. 

This district is cut into three parts by the Farnham registration Famborongh. 
district, with which it agrees in its chief geological features. 

There is no town of any magnitude here. Farnboroughy with the 
North Camp of Aldershof, is on Bagshot Beds, part of the village 
itself being on alluvium, but the camp being on a fair elevation, and 
dry. Other villages are in a similai* situation. Headley and Bratnshotty 
two of the largest villages, are on Lower Greensand. 

Estimated number of population living on alluvium, 200 ; on Bagshot 
Beds (of whom 500, besides some of the military, may be taken as living 
on the Bracklesham division) 8,620 ; on uncovered London Clay, 
1,320 ; on Lower London Tertiaries, 500 ; on gault, 100 ; and on 
Lower Grcepsand (without clay), 4,128. 

Phthisis rate for males - - - , 201 

„ „ females - - - - 381. 

Note special occupation of 3,029 of male population, any of whom 
when they are ill are sent out of the district to hospital. To obtain a 
truer mean rate for the sexes, the average difierence between the mean 
rate and the female rate observed in the south-eastern counties generally 
(and amounting to 10 per 100,000 yearly) has been subtracted from the 
registered female rate, and the adopted mean rate of 371 has thus been 
obtained. 

[38.] Eastrt, Kent. Acres, 50,710. Population, 25,900. Map 3. 

The northern part of this district, about one-third of the whole area, Eastry. 
is on Tertiai'ies, chiefly consisting of sand, with small slope and northward 
dip. The southern two-thirds are chalk, also sloping and dipping 
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Anwmou northwards^ with thin sandy or loamj soil in parts. On the north-east 

11 — " is a strip of marsh. 

Oto tie Dii' Deal— the whole sea face and the main part of the town are on 

frihuiom of Bhingle and seasand ; some inland parts are on sandj brick-earth iprer 

PUUffjtdt Chalk, and Upper Deal is on Chalk itselfl Most of the town is veiy 

•^to rf h low, and protected bj the sea bank ; its elevations range from 22 to 9 

^^^^V^ ^ feet above mid-level of sea, and parts are therefore below high-water 

DrmiSanan, ^^^' "^^ ^^ nnder the town are pervious bnt waterlo^;ed, and 

* ■ the lower parts of houses get flooded in spring tides or storms. Some 

drainage recently done has probably improved the town in this respect 

Sandwich is almost on an island of Thanet Beds (sand over sandy marl)^ 

and small parts are perhaps on shingle. The town is at a very snuul 

elevation (from 26 to 14 leet), with river on two sides, and marsh on 

the others. Ash^ fFoodnesbormighf PretUm^ and other places are on 

Tertiary (Thanet and Woolwich) Sands, at more or less elevation, and 

necessarily dry soiL Wingkam and Staple^ being on the lower moro 

marly parts of the Thanet Beds, and lying in a vaJley, may be more 

wet. Walmer^ Eatiry^ and m«iy other villages, furnishing aboat half 

the population of the district, are on chalk at various elevations ; some 

with a loamy soU over the chalk. Bnt everywhere here the chalk is 

dry, the valleys even having no streams. 

Approximate number of residents on alluvium, 460 ;. on shingle and 
sea-sand, 5,500; on Lower London Tertiaries, 6,850 ; on Chalk, 13,000. 

Phthisis death-rate for males ... 357 

„ „ females - - - 385. 

The marine hospital and barracks at Walmer are a possible disturbing 
element to this rate, but can operate only to an insignificant degree. 

[89.] Favebsham, Kent. Acres, 46,448. Population, 18,867. Map 3. 

Favcnham* A district mainly of Chalk, sloping downwards with the dip from 

south to north, with valleyB and ridges running in the same general 
direction. On the Chalk is an irregular tbin capping of clay, and there 
is gravel in the valley bottoms. The eastern fifth of the district and a 
portion near the Thames estuary are Tertiary; the eastern j)art being 
high wooded hills with nearly level tops and a sharp slope downwards 
on the west, formed by gravel-covered London Clay at the top, and the 
Lower London Tertiary Sands cropping out at the foot. Near the river 
also are Tertiary Sands and clay with drift brick-earth and gravel and 
low flats of alluvium. This is the most populous part. 

Faversham is situated at the junction of the Tertiaries and Chalk, 
on Thanet Sand and marl and brick-earth. It is at the head of a creek, 
with very slight slope to the river. Its levels range from 30 to 45 feet 
above mid- level of the sea, but it is generally flat. Parts of adjacent 
parishes are similarly placed. 

Teynham is on brick-earth and Thanet Sand, at the edge of a marsh, 
in a wet situation ; other villages are on rising ground bordering marsh 
land. On the Chalk hills and valleys are several small villages. On 
the slope of the chief wooded hill, on Tertiary Sands at 80 to 40 feet 
high, stands the large village of Boughton-under-Blean. Harbledown^ 
at the extreme east, is a suburb of Canterbury, on the side of a hill of 
Tertiary Sands. 

Approximate number of residents on alluvium 350 ; on London Clay 
without gravel, 480 ; on Lower London Tertiaries, 5,850 ; on Chalk, 
12,187. 

Phthisis death-rate for males - - - 312 

„ „ females - - 429. 



83 

In Farersham there is some ague, less of late years than before the Api-khddl 

period to which the above rates refer. But there was an increase in 

1859. ^No. 5. 

trihutkm of 

[40.] Rye, Sussex. Acres, 39,369. Population, 11,927. aff^V 

Maps 4 and 5. DimjmeJof 

A district formed for the most part by the Hastings Beds of the jy^ s^hLan 
Wealden. These consist of sands and clays (the area being about half * "^ 
sand, half clay and alluvium) with a long fault through them from east Rye. 
to west, and other smaller faults. This part is of good elevation and 
undulating, but river valleys with alluvium bound it on the north and 
south and partly intersect it. To the east a part of Romney Marsh is 
included in this district, with deposits of shingle on the coast. 

Rye is on an island of Ashdown Sand surrounded by marsh, and 
rising 60 feet above the marsh ; there is a little capping of clay on the 
surface. The higher parts must have good natural drainage. fFifi" 
Chelsea is on a peninsula of the same description, on a considerable rise 
with a cliff to the sea. Its situation appears to be dry. The marsh 
around these places consists of a flat of the Ashburnham Beds (sandy 
clays at the bottom of the Hastings series) covered by alluvium of 
estuary origin. Rye and Winchelsea, the chief places of the district, 
are close to the sea. Other places are Northiam, on sand above Wad- 
hurst Clay, on a hill ; Beckly and Peasemarsh, similarly placed but 
apparently farther from clay ; and Brede, on Wadhurst Clay. The 
circumstances of the soil in these places is mostly favourable to the 
retention of water. The population of the district is largely seafaring. 

Estimated number of population living on alluvium, 300 ; on shingle, 
100 ; on clays of the Hastings series, 2,000 ; on the sands of the same, 
9,471 ; and on board vessels there were 56 persons. 

Phthisis death-rate for males - - - 315 

„ „ females - - 438 

There was once on a time much ague here, with an accession in 
1869 ; less since then. 

[42^] Maidstonb, Kent. Acres, 38,082. Population, 38,670. 

Map 6. 

The northern part of this district is Lower Greensand, forming a Maidstone. * 
tolerably high country, rising to the south, well drained, and intersected 
by the valley of the Medt^ ay. The southern part of the district is 
lower, 50 to 100 feety and is of Weald Clay capped by gravel and loam 
over nearly half its area: this part is cut through by various rivers 
with alluvium along them ; where there is gravel it is dry, but the rest 
is wet, and near Talding is much subject to floods. 

Of the town of Maidstone, more than half is placed on an inlier of 
Weald Clay and Atherfield Clay cut through by the Medway and 
another stream, and almost wholly covered by gravel. The highest 
part of the town is its triangular periphery of pervious Hytho Beds 
over Atherfield Clay. The soil of the lowest parts of Maidstone must 
be wet to the level of the river (which is here tidal) ; and other parts 
at the junction of the clay and pervious beds are also in a position to 
have their soil saturated. This may locally have been less since the 
adjacent railway cutting was made through the edge of the clay, when 
trouble arose through a brewery well having been dried by this work. 
Loose is a large yillage situated on a slope of the Hythe Beds, and on 
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an inlier of Atherfield Clny withoat a. livcr, and at a lower lerel tlua I 
Maidstone. There are a few Tillages (of which Broiled ia the chieQ J 
on other parts of the Lower GreensanJ district, hut the chief remunini " 
I tr'b li f P'"*^^^ "■^ '*° "'^ Weald Clay, Of those Marden has o good deal o 
" PkihisUa* gi'iive! over the clay, and stands at some elevation ; at Staptehurtl tl 
less gravel ; and part of Valding stands on a" 
Approximate number of dwellers on «\\m 
Greensand, 16,700 (none to speak of being on the Sai 
Weald Clay covoivil by gravel, 17,530 ; on I 
4,140. 

Phthisis death-rate for males - 
„ „ females 

Correction has been made in these rates for persona dying of phthiai 
in the Kent County Lunatic Asylum who hikd their previous residence 
beyond Maidstone, and the corrected rates ai-e mnJea, 354 ; females, 
405 — Ague was common in this district, both iu the town and villages, 
in 18q9: at other times it has been rai'e. The year 1859 was par- 
ticularly dry, " exposing surfaces to evaporation that commouly remained 
moist." The town was being drained in 1863. ' 

[43.] CtJOKFlBLn, Sussex. Acres, 61,793. Population, 17,163. 
Maps 5 and 9, 

A large rural district, thinly populated. The northern and larger 
parts is of sands and clays (mostly samls) of (he Hastings lieds, much 
t'aulted. The Tun bridge Wells "Sands" are here much divided by 
clays and loams, and are overlain in places by patches of Weald Clay. 
The southern part is a vale of Weald Clay (low and wet), with Gttult, 
Greensand, and Chalk at the extreme south. 

Cuekfield, I.indfield, Slaugkam, and a number of other places are on 
the Hastings Beds, mostly on the sandy members of the series, Cuckfield 
is a good instance of the variety of soil that is met with within a smalt 
area in thc^e Hastings Bed districts. It stands on a double sandwich, 
as it were, of clay and sand ; the highest clay l>eing an outlier of 
Weald Clay, the other two sands and two clays being members of ths 
Hastings Beds, and all much faulted. Thus, though the ground is high, 
it is impossible to say what part live on diy and what on wet soil. 
Certainly this town and most of the villages on the same formation 
tnuEt have many springs and much wet soil. — Villages on the Weald 
Clay area are near brooks, and are low and damp. JIurtlpierpoint, 
on somewhat rising loamy sand of the Lower Greensand, and otiiet 
places near the edge of the Weald, on the same foi-mation, are alw 
likely to be wet. Small places at the junction of Chalk and Upper 
Greensand stand quite well for dryness, 

Estimated population living on Chalk, 550 ; on Upper Greensand, 
360 i on Gault, 30 ; on Lower Greensand, 2,910 (of whom perhaps 200 
live on Sandgale Beds) ; ou Weald Clay without gravel, 4,262 ; on the 
clays of the Hastings Beds, 850, and on the " sands " of the aame 
scries, 8,200. 

Phthisis death-rate for males - - - 304 

„ „ femoles • - 471. 

[44.] DonKiNG, Surrey. Acres, 40,006. Population, 12,445. 
Map 8. 
Ou the north a small part of thia district is high Chalk with local 
cappinga of surface clay and loam, A narrow band of Upper Greeo* I 
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sand and Ganlt, and a broadish band of Lower Greensand (represented Appkkdix. 

here bj pervious beds only) cross the district from east to west. The 

southern part, about half the area of the district, is Weald Clay, which f^?'%- 
forms as usual a wooded plain flat or with very slight undulations ^^Li^ 
only, but at its junction with the Lower Greensand rises more sharply, ph:hiHtcu 
and Leith Hill, formed by the Greensand over Weald Clay, is the highest affected by 
ground of the south of England, reaching nearly 1,000 feet above Damprnm of 
Ordnance datum. ^n^il 

The town of Dorking is mainly on a slope of Lower Greensand, Buehawin 
some of its lower parts being on gault covered by much gravel. The 
lower lying parts are but little above the saturation level of the Lower 
Greensand. Other places are similarly situated in a valley of this last 
formation. On the north are some villages at the junction of the chalk 
and Tertiaries, and others in the valley of the Mole on chalk. On the 
south there are many villages and hamlets on the Weald Clay area. 

Estimated population on London Clay (without gravel), 100; on 
Lower London Tertiaries, 230 ; on Chalk, 1,020 ; on Upper Greensand 
and Gault (each), 50; on Lower Greensand (all sandy), 7,065 ; on Weald 
Clay, 3,930, of whom 100 live on spots that have gravel. 

Phthisis death-rate for males - - - 321 

„ „ females - - 478. 

[45.] UcKFiKLD, Sussex. Acres, 74,230. Population, 17,260. 

Maps 5 and 6. 

A district wholly rural, and composed almost exclusively of Hastings LVtfield. 
Beds, much faulted, with more of the sands than of the clays of that 
series, ' in the proportion of about 4 to 1 of area. In the eastern 
part, however, the Tunbridge Wells Sand is loamy. The country rises 
to its highest ground (600 feet) on the north, and is much intersected 
by streams at levels of about 120 feet or thereabouts above datum. 
There is a very small piece of Weald Clay at the south-west. 

Roiherfield and Mayjield^ the two largest places, are on slight hills 
of Ashdown Sand and Tunbridge Wei is Sand respectively. The former 
is well placed for natural drainage, but at Mayfield the sand may have 
water kept up in it by the underlying Wadhurst Clay. Buxied is 
placed much like Mayfield, and Waldron like Rotherfield. Uckfield^ 
Idaresfield, and Fleiching are on slopes of sand near to streams. 
Framfield stands on- a slight hill of Wadhurst Clay. On the whole, 
except for tbe retentive character that the Hastings Sands have in 
particular localities, this district would not be supposed to have much 
wet soil, at any rate in such parts as are most inhabited. It is difficult 
to see any serious difference in physical or geological features between 
Uckfield and Battle, which has a far smaller phthisis rate. 

Approximate number of population living on alluvium, 60; on un- 
covered Weald Clay, 200 ; on clays of the Hastings Beds, 3,000 ; on 
sands of the same, 14,000. 

Phthisis death-rate for males - - - 312 

9, „ females - - 484. 

[46.] Hailshah, Sussex. Acres, 54,365. Population, 12,668. Map 5. 

A district high at the north, reaching 500 to 600 feet, but sloping Hsilsham. 
down to the marsh of Pevensey Level at the south. The northern half 
is of Hastings Beds, which here are mainly sandy (Tunbridge Wells 
and Ashdown Snnds), and sloping (Wadhurst) clay. The southern 
half is Weald Clay with marsh lan£ 



88 



No. 6. 
Om the Vis- 
irikmiumQf 

Jftrtfftf fltf 



Tieduint 



Worthing. 



HaUskam, the most populous place^ is on a Yery slight rise of Weald 
Claj about a mile iiom the marsh ; oUier smaller places are also on the 
Weald Claj. Herstmonceux and Worthing are on a slight rise of sand* 
quite at the edge of the marsh, and have brooks all round them. 
MeaUhfield and FFarbleton arehlghy onAshdown Sand. Other pbeea 
stand on other parts of Hastings^eds, or on the junction of these wiA 
Weald Clay. 

Of the total population, it is estimated that 50 live on alluvium, 40 
on Gaulty 70 on Lower Greensand, 4^290 cm Weald Clay without 
gravely 500 on days of the Hastings series, and 7,718 on the sands of. 
die same series. 

Phthisis death-rate for males - . - 270 

,, „ females - - 535. 

There is no known reason why Ihe female rate should be in so veiy 
great excess of the male. But the same fact will be observed In most 
of the districts that, have high rates. 

[47.] TiCEHUBST, Sussex. Acres, 51,659. Population, 14^626. 

Maps 5 and 6. 

This district is entirely of Hastings Beds,neariy half being *Wadhunt 
Clay. There is considerable range of elevation, m>m 600 feet at Frant 
to 250 at the north-west (where part of Tunbridge Wells town is in 
this district), and even to 50-100 feet on the south and sooth-east. The 
northern tract, which is the highest and most sloping, is (as regards all 
its inhabited parts^ of Tunbri^e Wells Sand. The southan Ima much 
wet clay soil, but is not flat or low. 

Franty just mentioned, is a large village, high and diy* Zteeters^ 
of like size, is partly on the Tunbridge Wells Sands, partlj on Wad- 
hurst Clay, and near a considerable fault. The surface of the day is in 
slopes, but in the sandy parts water is probably held up. Burwask 
stands on an outlier of sand over clay, also on moderately high ground. 
It is the habit of clay so placed to form slight troughs or hollows, and 
to keep the porous soil over it wet. ff'a^Ae^rf^ is at the junction of 
clay over sand, on a hill, and in a dry situation. Lamberhurst lies low, 
by a stream, on sand over clay, where there is some alluvium. 

Estimated population on clays of the Hastings Beds, 4,800 ; on sands 
of the same, 9,826. 

Phthisis death-rate for males ... 345 

„ „ females - - - " 457. 

There is a large private lunatic asylum here, but it does not affect the 
above death-rates, 

[48.] Worthing, Sussex. Acres, 42,457. Population, 18,921. 

Map 9. 

Consists mainly of Chalk, dipping slightly from the sea to the north, 
and also from the escarpment to the south. At the north a small part 
is Upper Gvecnsand and Gault, and neai* the south a narrow strip of 
Tertiaries runs from east to west across the district. The whole is cut 
through from north to south by the river Arun, with a broad belt of 
alluvium, and some little gravel locally mixed with clay. 

The Chalk at the northern part of this district makes, as usual with 
that formation, a high and sloping country, but the broad tract of chalk 
facing the sea, and upon which the bulk of the population reside, is 
largely covered by loam and gravel, and lies very low, only a few feet 
above high-water mark. 
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Worthing is the largest place, and stands on loam and claj over Appskdo. 

Chalk, the main part of the town on a flat of 18-20 feet elevation, and 

water used to be reached wherever a trench was dug. In 1853-6, soon ^ ^?' *i. 
after the beginning of the period to which the subjoined phthisis rates tributumof 
refer, sewerage works were carried out in Worthing with the effect of PhthisiaoB 
lowering the water-line under the town. Littlehampton and many affected hg 
Other -villages are on the same low -lying Chalk, with more or less Damjmmti^ 
surface gravel and brick -earth, at no great distance from the sea. At -^ ^*^j5L-, 
Poling^ two miles from the coast, the Chalk has only risen to 20 feet above "^ 

mid-level of the sea. On the higher-lying Chalk the chief place is 
Arundel; here the chalk is almost uncovered, and the town is on a 
considerable slope towards the river, part being on river alluvium. 
Broadwater is on a Chalk slope 48-32 feet high. Other villages are in 
the valley of the Arun, on gravel over low-lying Chulk, and others on 
the chalk just off the aJluvial edge of the river. Buxtcd and And^erley 
are villages on the Upper Grcensand, the latter being near a marsh. 

Estimated population living on alluvium, 650 ; on blown sand (classed 
with shingle), 200 ; on Lower London Tertiaries, 420 ; on Chalk, 
17,296 (the great majority being on the low gravel- covered plain) ; on 
Upper Greensand, 440 ; and there is a detached morsel, with perhaps 
15 people, on Weald Clay. 

Phthisis death-rate for males ... 393 

„ „ females ... 445 

Note that in the town of Worthing itself the mortality from con- 
sumption among residents at the ages of 15-55 has fallen since the 
sanitary operations of 1853-5G : the degree of this reduction beiug for 
males 11, and for females 41 per cent, of the previously existing rate 
of mortality. 

[49.] WestAshfobd, Kent. Acres, 41,901. Population, 15,137. 

Maps 3 and 6. 

The southern two-thirds of this district is formed by Weald and WestAahfoid 
Atherfield Clay, mostly low and flat. The broad band of Lower 
Greensand which follows is here largely represented by the clayey 
Sandgate Beds. Then comes a narrow band of Gault, and at the 
northern extremity of the district a little Chalk. Perhaps not more 
than one-sixth of the area is formed by pervious beds. 

The undulations o^the W^ld Clay country are shown on the line of 
the South-eastern Rfeiilway, 'Irom west to east, through this district. 
There is in the part of maximum range a difference of from 100 to 
140 feet in the course of a mile, but the slopes are mostly about 20 feet 
in a mile, and are many and in varied directions, with streams in the 
lower ground. 

Asl^ord town contains a third of the population of the district. It is 
on a slight rise of gravel underlaid by sands and clays of the Lower 
Greensand ; directly outside the town, and on three sides of it, the 
Atherfield and Weald Clays crop out, and probably form a slight basin 
below the town. New Ashford^ on the other side of the river Stour, is 
mostly on flat clay. Charing and Westwell are on a high level at the 
base of the Chalk escarpment, where the Chalk is apt to be marly, and^its 
water to be held up by the underlying Gault. Bethersden^ SmardeUy and 
other villages are on the plain of Weald Clay, Smarden being on a small 
flat of gravel. Other places are on the Lower Greensand ; a few 
scattered houses only are on Gitult. 

Approximate population on alluvium, 100; on Chalk, 1,267 ; on 
Gault, 400 ; on Lower Greensand, 7,490 (viz., 8,000 on clayey beds, and 
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4,490 on the Bande of this Beries) ; on Weald Clay without gravel, 700 ;' 
and on the same with some gravel, 5,180. 

Phthisis death-rate for males ... 300 

„ J, females - . . 542, 




£50.] Lewes DistricI, Sueaex. Acres, 85,104 Populat 
Maps 5 and 9. 

Four poor law unions nre comprised within this district, which I 
extends from tho sea some eight miles or more inland, and along tha \ 
coast for 10-12 miles. The southern half is chalk, rising into four 
masses of hill divided by valleys, three of which have tidal etreama in 
them, bordered by considerable tracts of alluvium. Across the district, 
from east to west, b&nds of Upper Greensand, Gauit, and Lower Green- 
sand run, forming a low flat district very unlike the greeusand areas to 
the north and west, and only modei'ately dry. Then follows on the 
north a vnle of Weald Clay, flat and ivet ; and at the extreme north 
there is nu area of Tunbridge Wells Sand, which slopes southward, and 
contains some loam and clay. This part is less dry thai 
bed farther lo the east (Uckfield, &q.). Both the Gault and the Wo.-Jd 
Clay are so aiTangcd that they throw out the water from the Greensands 
over them. 

The population is but Utile on the high Chalk ; but many riUagcn 
along the edge of alluvium, in the Ouse valley, are on Chalk; water must 
be near the surface in most of them. Letces, by far the most populoos 
place, lies at the junction of those Chalk valleys, on a sluggish river 
which is tidal up to a lock above the town. Part of the houses are oo 
chalk, rising to 100-150 teet, but mo^t on low-lying chalk covered by 
gravel and alluvium that must be waterlogged. AVwAoren is situtiled 
much like l^ewes, but close to the sea. Ditchling (observe the name) is 
on the flat Lower Greensand, mainly on Sandgate Beds. There are 
villages on all the other formations that are above described. 

Number of population estimated to live on alluvium, 1,100 ; on chalk 
(mostly low and gravelled), 16,180; on Upper Greensand, 1,750; on 
gauli, 250 ; on Lower Greensand, 2,250 (of whom 750 are on Sandgatc 
Beds]; on Weald Clay, 2,785 (of whom 30 may bo on a little gravel ; 
on Hastings Beds (all sandy), 2,680. 

Phthisis death-rate for males - - - 496 

„ „ females ... 508, 

Deduction tvQva these rates is required for persons belonging to other 
districts who died of phthisis (1) in the Invalid Convict prieu^ 
1857-59; and (2) in the Sussex Lunatic Asylum at Uaywarda Heath. 
Of the convicts 42 males, and of the lunatics 30 males and 30 females, 
have been taken out of the numbers on which tho above rales are 
founded, and the correcteil rates become — for males, 388 ; and for 
females, 464. There has been little ague in the town of Lowes of late 
years, but it has prevailed, during the period under review, at Glynde, 
fieddingham, Piddinghoe, and other places. Its reduction is ascribed 
to better drainage of land. 
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[51.] Tentekden, Kent. Acres, 46,889. Population, 10,947. 

Maps 3, 4, 5, 6, 

About three-quarters of the district consist of clay and aliuviiiin« Kad I 

one quarter of sand. The north-eastern part is Weald Clay, low, fla^ I 

and wet ; the southern part is on the clays and sands of the Uostings 
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series, which are much faulted and intersected by rivei-s with alluvial Appkxdix. 

flats, forming a country of very various elevations. Such river flats 

bound the district for more than half its circumference. rht^k n* 

Tenierden is the largest place, having a third of the whole popula- tributioH of 
tion. It is on a hill of sand, which is here very clayey (Tunbridge Wells PhthixUaM 
Sand and Grinstead Clay), over a flat or slight trough of Wadhurst Clay, affected hf 
Another third of the population, in the villages of BiddendeN, Nigh Dampneuof 
Halden^ and Woodchnrch, is on Weald Clay ; all those places lying flat, j^ n^*iSi 
and more or less low. The remaining population is mostly on Hastings ' "^ "' 
Beds. Appledore is on sands, close to the alluvium of Romney Marsh ; 
and other villages, Bolvetulen, Witlersham^ and Stone, on Wadhurst 
Ciay, at various small elevations. 

Of the whole population, estimated number living on alluvium, 30 ; 
on Weald Clay without gravel, 3,200 ; on clays of the Hastings series, 
3,200 ; on sands of the same, 4,517. 

Phthisis death-rate for males - - - 342 

„ „ females - - - 528. 

[52.] Horsham, Sussex. Acres, 57,023. Population, 15,313. 

Maps 8 and 9. 

Chiefly an area of Weald Clay underlaid by Tunbridge Wells Sands, Honham. 
which come to the surface in the eastern part of the district. A local 
band of calcareous sandstone in the Weald Clay (Horsham stone) forms 
a higher and drier district than the general tract of clay ; but this 
includes some clay, and is not so pervious as even the Tunbridge Wells 
Sand. 

Horsham itself, with nearly half the population, is low and flat, on 
the loamy Tunbridge Wells Sands, close to where they dip under the 
clay. Other places are on the plain of Weald Clay, which has many 
gentle undulations in it, 100-200 feet above Ordnance datum, but no 
continuous slopes. 

Estimated population on Weald Clay (without gravel, but locally with 
Horsham stone), 8,563 ; on the sandy parts of the same (which are 
particularly noted as *' loamy," though no population can be separated 
out as living on clays), 6,750. 

Phthisis death-rate for males • - . 362 

„ „ females - - - 518. 

[53.] Westhamptnett, Sussex. Acres, 74,913. Population, 14,811. 

Maps 9 and 11. 

Consists of (1) a northern part, less than half the area, of bare Westhtmpt- 
chalk rising to high ground (700 feet), and then sloping sharply down- »«". 
wards to the northern boundary, where the Gault and Lower Greensand 
crop out ; and (2) of a southern part of clayey Lower London 
Tertiaries, London Clay, and Brackleeham Beds (the middle and clayey 
division of the Bagshot), with a spur of chalk, forming a low ground 
more or less covered by gravel and loam, and intersected by streams 
with alluvium along them. Selsea is on the Braoklesham Beds, with 
gravel, which here are formed into an island by the sea on one side, 
and on the other by a stream and its low alluvial border. 

About half the population lives on the low flat plain of Tertiaries 
near the sea. This plain appears, from such sections and elevations as 
can be had, not to rise more than 10 feet above the mid-level of the sea, 
and in many parts to be under high-water mark. Three or four miles 
inland the Tertiaries, rising to about 80 feet where they join the chalk, 
have several more villages on them, and there are others adjacent, on 
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the rieing cUnIk with gravel. The higher chalk is very thinly inhabib 
but theie is a vill^e on Upper Greensand and Gault. Of 39 plat 
in the district not ouc has 0, population ao lai-ge as 1,000. 

Of total popuhitioD, estimated residents on alluvium, 120 ; on 
Bracklesham Beds of the Bagahot seriea, 1,570 j on gravel over 
London Clay, 4,120 ; on Lower London Tertiariea, 3,910 ; on Chalk, 
. >'"/ 4,711 ; on Upper Greensand, 120; on Gault 230; and on Lowew 1 
Soil.hg Greenennd, 30. 

Dr. Bucfianaji. 

Phthisis death-i'Bte for males 

„ „ females 



Corrected for the deaths of persons who, after removal from 
district, died in the Chichester Inlirmary, these rates becomi 
males, 377 ; females, 221. 
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[54.] MiDHTTRST, Sussex. Acres, 65,720. Populution, 12,581. 
Maps 8 and 9. 

A district formed partly by Weald Clay, at the estremo west end of 
the Weald district, but in its Urger part by Lower Greensand, Gault, 
Upper Greensand, and Chalk. Taking the clnys of the Weald and 
Gault, together with the clayey parts (Sandgate Beds) of the Lower 
Greensand, about half the area is on impen'ious beds, all of which form 
tolerably flat surfaces ; and the other half on Greensands (sand and,' 
stone) and Chalk, which lust forms high ground on the south. 

Mtdhurst is a small town which, with many smaller villages, lies 
the river Arun, on rather low ground formed by Lower Greensand, and 
principally by the clayey division thereof. The ground slopes, indeed, 
towards the stream, but is certainly spongy and wet. Aline of villages, 
of which South Barting in the chief. Ho on the Upper Greensand, some 
nearer to Chalk, others to Gault, most with springs near them. tSome ot 
these places may be wet. Two small places are on Gault, others OB 
slight slopes of Weald Clay. 

Estimated population on alluvium, 20 ; on Chalk, 410 ; on Uppw 
Greensand, 1,770; on Gault, 200; on Lower Greensand, 6,681 (rf 
whom 3,500 is the probable number of residents on Sandgate Beds) ( 
on Weald Clay without gravel, 3,500. 

Phthisis death-rate for males - . . 372 

„ „ females - - - 539. 

[55.] Thakeham, Sussex. Acres, 33,599. Population, 7,567, 
Map 9. 

The district is vei7 various in its contour and geology. 
southern third, the high part of it, is Chalk, a third Gault and Lows ■ 
Greensand, and a third to the north is Weald Clay ; the centre of lh« 
district is an alluvial flat. The Chalk rises to a hill of 600 feet, and 
is everywhere scantily inhabited. North of the chalk escarpment ie a 
plain of Upper Greensand, Gault, and Lower Greensand, the last boing 
chiefly represented by its clayey (Sandgate) member. It is part of 
this plain that is covered by alluvium. Tlien northward follow the 
Hyllic Beds, sandy and calcai-eoua parts of the Lower Greeorand^ 
sloping again gently downward ; the Weald Clay then makes a seoood J 
almost flat plain, about 70 feet above datum. 

PuUhorougli is the largest village, and is on the pervious FolkOBtOOa J 
Beds of the Lower Greensand, but at a low level, with clayey beds belong g 
and at (he edge of the marsh. Otlier places m-e similarly eitu»tei^-JI 
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eome eveo upon more grarelly spots of alluvium. Stornngton, the 
second largest place, ia on the some beds, but farther fiom Ibe moreli. 
Thakeham and some other villagea are oo the Hytbe Beds. At tlie 
tvo extremes (here is a scattered population ou chalk and on Weald 
Clay. 

Estimated popidation on Challc, 710 ; on Upper Greensand, -540 ; on 
Gaulf, 635 ; on Lower Greensand, clayey beds, 1,100, sandy beds, 3,290; 
on Weald Clay, without nny gravel, 1,294. 

Phthisis death-rate for males - - - 848 

f.rmale» ■ - 560. 
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[56.] PETWORTH, Sussex. Acres, 39.329. Population, 9.397. 
Maps 8 and 9. 
A dlfitrict wholly of Weald Clay, except a smuli pni't in the south- peivartb, 
west comer, on which Pettcorth town, with uboui a third of the popula- 
tion of the district, stands. Thia is the calcareous part (Hythe Beds) 
vf the Lower Greensand, fairly high and dry, and draining lo a stream. 
All tbe rest of the district is low, flat, and wet. 

Approximate number of residents on Lower Greensand (only sandy 
beds], 2,850 ; on Weald Clay without gravel, 6,547. 

Pbltiisid death-rat« for males - . ■ 415 

„ ,, females - - 509. 

[57.] We8TBOI7HB«, Sussex. Acres, a2,886. Population, 6,957. 
Maps 9 and IL 
Consists of two tracts of Chalk, and (wo of Tertiaries, alternating. Wc«1)oanMb 
The noTiUcmmost part is liigli-lj'ing chalk (500 feet), but the I'ertioriea, 
and the band of chalk between them, form a flat plain of 15-25 feet 
above Ordnance datnm, covered by ^avel and bordered by a creek. 
All thin part muul be ihorouglily wet. 

Wetlbourne \s on Loudon Clay and Woolwich Beds, rising slightly 
from a stream. Borham and ChWiam are very low, near to creeki, 
vn grar el-covered Cltalk. FutiHnglon and other villages, Uigether 
including nearly half the population, are on dry high Chalk. 

Approximate number of reeidents on London Clay (without gravel), 
1,000 ; on Lower London Tertiaries. 1,697 i on Chalk, 4,260. 
Phthisis death-rate for males • . - 366 

„ „ females ■ - 610. 

The population of this district is such, that one death more or less 
each year represents a difference of 56 in the above rate for males and 
£8 in the rate for females. 

[«8.] CracHiBTra District, Sussex. Acrts, 21,054. Population, 14,775. 
Map 9. 
This district consists of several areas scattered abcnt among other ChiEheiM*. 
districts. Tho two chief areas are (1) that of Chichester city and 
its environs, and (3) the Sutton ai-ea. The former is low-lying London 
Clay and Beading Beds, capped by gravel and loam, with n slope 
within the city from 49 to 21 feet i the latter is mainly Lower Green- 
aand, also Gault, Upper Greensand, and Chalk ; and the valley of the 
Aran runs through it. Other areas comprise (3) Bognor, on low 
gravel-covered clay, and adjacent parts on low flat chalk ; (4) Bury, 
on Upper Greensand, near a marsh ; (5) Grealham, on gravel over 
Lower Greflnsand ; (6) HeytkoU, on almost flat ganlt. 

O 2 
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Approximate number of reaidentu on gravel-covered Loudon Cluy, 
10,210 ; on Lower London Tertiaries, 1,550 ; on chElk, 300; on Upper 
0n(j£^O.* Greenaand, 1,000 ; on gault, 720 ; and ou Lower Greensand, 995 (700 
tribution of °^ whom are on Sandgale Beds). 

PhthitUas Phthisis death-rate for males - - - 670 

afftcttdby females - - 4(J3. 

JJampiKsa oj ' 

Soil, by Corrected for deaths in the Chichester Infirraaty of patients brought 

Dr. BachamH. f,-Q[n other districts, these rates become — for males 623, for females 450. 



Dirtrict«t]iat fl ? ?1 SHEPPEr, Kent. Acres, 31,083. PopuUtion, 18,494. 

S-S'" M.p.2.ad3. 

Sbeppej. This district, which baa by far the lowest registered phthisis death- 

rate of any in the south-eastern counties, Is an island of London Clay, 
capped by gravel and Bagehot Sand on its highest levels, and bordered 
on the south and west by alluvium, with islets of London Clay rising 
out of it. The London Clay, which fbnns the bulk of the district, rises 
to about 150 feet, and forms sloping ground, except where it is covered 
at the highest parts by gravel and at the lowest by alluvium. 

Sheej^ess contains two-thirds of the population of the district. It 
lies very low, at the extreme north-west point of the island, almost oq 
the level of the Medway, on a plain of alluvium 8-9 feet thick, below 
which EhJDgle is generally met with. This alluvium is a softish clay; 
if a trench bo dug in it, brackish water generally rises to within a few 
inches of the suiTace. In Sbeemcss is the dockyard, which givea an 
exceptional sort of employment to the male population ; here, too, ore 
barracks, and a number of persons are enumerated on board vessels. 
Queensborough resembles Sbeemess in its position, but is placed 
slightly higher, on a low island of London Clay. The parts of Minster 
paiish beyond Sheerness town, and Eastchurch, Leysdotcn, and Warden, 
are villages on high gi-ound, most, if not all of them, being on cappings 
of gravel or sand over the London Clay. Such sites are often retentiva 
of wet, from the surface of the clay being slightly basin-like, but in 
these instances the edge of every such basin is more or less broken by 
the sea cliff. 

Approximate number of the popnloiion of the district living on 
alluvium, 12,069; on Bagshot Beds, 1,000; on gravel over London 
Clay, fiO ; on London Clay without gravel, 3,S00 ; on board veuels, 
1,875. 

Phthisis death-rate (registered) for males - 202 
„ „ „ females - 251. 

Sheppey is a district for which the method of computation in tha 
Parliamentary return gives inaccurate results. The population is 
rapidly increasing, and the arithmetical mean of the two censuses, from 
which the death-rate is calculated, is largei' than the true mean upon 
which the death-rate ought to be taken. (See note to Kingston.) The 
death-rate therefore comes out unduly low. The census papers give 
evidence of considerable importation of males from 15 to 45 years old, 
and of some exportation of them after the latter age, a large proportion of 
the incomera being unmarried. The presumption is, that these people are 
of the healthier sort, and that if they were unable to work they wgnld 
go away from the district to be nursed. Local information confirnu 
the oonolnsion that the phthisis rate of males is thus ai^ciaUy lowered. 



The female rate is probabljr influenced In the same direction, but to a 
mucli ]cM degree, hy similar coneiderations. It is pretty clear that 
mtiay females also spend onljr the middle period of their lives here, 
probably coming and going with their husbands, and in case of illnesa 
reluming to their previous residence. — The military at Sheemess 
numbered 752, and with their wives and families 1,005, in 1861. They 
«re treated when sick In the hospital attached to their barracks, but if 
they get phthisis are oAen disclurged invalided and dio iu other dis- 
tricts. So far »3 they died in the hospital, their phthisis rate is just that 
registered for males in tbe district at large. 

Ague was prevalent in the Isle of Sheppey during the period 
1851-60. Of late years it has been reduced in Sheemess. At Minster 
and Eastchurch it reraaius about as common as formerly. Local medical 
opinion assigns less phthisis to Sheemess than to the other places where 
there is more ague. 

[2 ? ?3 Hastings, Sussex. Acres, 14,027. Population, 26,631. 

Tbe district is from 300 to 400 feet high ia its central parts, and tbe 
ground forms three hills with deep valleys running to the sea. It com- 
prises the towns of Hastings and :Sf. Leonards only. They lie on the 
lower beds of the Wealden seriee, which are grouped under the name of 
" Hastings Beds," and consist of alternations of sand and clay ; in 
tliis case the area of the district being about two-tbii'ds of sand and 
ooe-thirrl of day. The Castle Hill is Ashdown Sand, on which also the 
main parts of the town of Hastings arc built. St. Leonards is chiefly 
on the Tunbridge Wells Sand, and partly also on Wodhurst Clay. 
There is great range of elevation within the inhabited parts of this 
town, and there must be very varying facilities for the natural drainage 
of particular parts, considering that some localities stand high, some 
low ; most on Eanils, but some on clay. But the most parts must 

Of the popuialio i about 1,300 only are estimated to live on the clays 
of the Hastings B< Is, the remainder on sand. 

Phthisis ileafh-rate (registered) for males - 531 
„ „ „ females - 466. 

Enquiry has bei-ii made by Dr. Greenhill, of Hastings, as to the mor- 
tality among persons frequenting tliis town on account of the repute its 
climate hoe obtaitscd in consumption, and the result is that certainly 
more than half tbe registered mortality from this disease is among 
visitors. Of the male rate, 288 is accounted fm- by vi'sitors, end of the 
female rale 259, reckoning the deaths on the male and female popula- 
tion aged 15-55, mean of two censuses. But as the numbers of 
visitors have not been ascertained at the censuses, the rate among 
residents cannot be computed by merely deducting these figures. Per- 
haps half the registei'ed rates will be not far from the truth for con- 
ettmpfion among residents. Its indigenous phthisis only would certainly 
place Hastings in a wholly different place among other districts than is 
assigned to it for its registered mortality from the disease. But of ita 
Ime position relatively to other districts, it can only be affirmed that it 
must stand among the highest, perhaps even in the very highest place. 

[fl??] Tbaitet, Kent. Acres, 29,733. Population, 31,862. Map 3. 

iiouaded for tbree-quarlers of its extent fay sea, and formed into an 1 
island by the Stour and Wantsome rivers, which are flanked by broad 
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^^kttnois. marshes. Newl/ tho whole island Is bai'o Chalk, with a foot or so only 
■ ~ I orioamy soil above it. Herefuid there are smallimlches of clayey Thanet 

On the jDit- Be*!^. "U"! ^^^ ^''g^ **f the nmrsh on the south is friugeJ by u thicker 
tribuUon of mass of this formation, consisting of sand oud samly marl. 
PhthiaiK lu Ramsgatv is uut through by o viJley running to the sea, with coarae 

affected by grnvel coveiiug the ChuUf ut the bottom. On the westeni heights is a 
^"'^Ti"'^ araall cappiug of sundy brick-earth. Its elevations imige from 125 to 
Dt Buchanan '^ ^''^^ above tlie mid-level of the sea. Margate is similarly placed, 
' ' but a small pnrl is on a flat of alluvium which i-una inltuKl from the 

Iharboui". With the exception of this part «ijd some portions of Ihe 
vaUcy at Moi^gate, ihero is excellent natural drainage uf the subeoil iu 
both towos. The range of altitude in Margate is from 150 to 14 feat. 
Broadstair» aud the main area of the dtstiict ai'e high and dry, on the 
Chalk. Mintlfr, a laige village, is oa nioily Thanet Saud and brick* 
earth at the edge of the mai'sh, in n wet situation. 
Approximate number of residents on aUuvium. 100; on Lower 
I^ndon Tertiarl^B, 1,900 ; on Chalk, 30,462. 
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These death-rates are both somewhat i«i«ed (the male most ao) by 
the presence of two iufirmartes at Margate ; but they are both fhrthSr 
raiswi, to a great and unaacsrtahiablo extent, by the practice of sending 
cnnsumptive invalids to Margate in the late stages of their complaint. 
A letter from Dr. Price, of Margate, gives data which piuve that \Q0, 
and probably more, should bo deducted A'om each of the above &gartit 
for deaths among persons previously nneonnecled with the disli'Ict. 



[14? ?] Hoo, Kent. Acres, 8tt,281. PopulatioD, 2,861. Maps 1 and6. 

A veiy thinly populated district between the Thames and Medway, 
eonaisting of London Clay witli local gravels, with an tn^igiiiflcont area 
of sandy Lower London Terliwies cropping out on the uoith'WeBt, 
The disti-ict has tarioiia elevations and slopes, its highest point beine 
200 feet ; thus tliei* will be ftili' siirftiee drainage. On the north and 
east the (Ustrict is bordered by marsh. 

Hoo ia the chief place, thtrugh only a village. It is on a thick bed of 
brick-earth and gravel, with a fair slope. 

Of the whole population 80 may be taken as living on alluvium, 
1,851 on London Clay with gravel. /oO on London Clay without gravel, 
and 180 on Lowei' London Teitiones. 

Phthisis death-i-ate for males - - - 286 

„ „ females • . 876. 

Note that very few actual deaths would make great dilfei'ence in the»e 
rates, ao great a difference that no conclusion can be drawn from the 
figures. There was a good deal of ague during almost the whole of the 
period 18.51-60, but towards the latter date improved tillage had got rid 
of much of this disease. 

[23 ? ?] TuNBKiDOK, Kent. Aercti, 46,179. Population, 34,Z7I. 
Map 6. 

This is a Wealdeu district, about two-iliirds of which ai-e clay and 
one-third sand. The north-easleru part is Weald Clay, mostly corered ' 
by thin lo.'im and gi'avel, and intersected or bordei-ed by atreums with 
nlluvinm. This part has an average (pretty uniform) elevation of 
100^150 feet, but the Weald Clay has a greater range of h*ight 111 




portictUar places, 250 feet and 50 feet being the extremes. The larger Aiera^m 
part consists of Bands and clays of the Hastings series, in iiregiS&r rj ' 
tmcta and a good deal faulted, aod rising to high ground (.500 feet at q„ i^ jj 
Tunbridge Wells), the highest parts being often formed by outliers of irSiHtiM 

Weald Clny, the lowest by WflUliurst Clay, and the iut«rmediut£ slopes PhihuUi 

by Tunbridge Wells Sand. In this hist swid a hand of clay (Griostead ^ieudlf^ 
Clay) occurs, but not in quantity enough to affect materially the drynew '^T'7'fc^ 
of the sand. ^, bL^/SLm 

The town of Tutdtridge fVftU is the largest in the dietriet. It 

stands mainly upon the highest member of the Hastings Beds, to which 
it gives a name, A northern part of the town is on an outlier of Weald 
Clay at good elevation. There is a slope in the town of at least 70 feet. 
Tunbridge town is mainly ou gravel over Weald CUy, but ou the south 
there are booses on alluvium (often flooded), and u good many ou gravel 
over Tunbridge Wolls Sand and Wadhursl Clay. There is a slope of 
40 to 50 feet in the town, but parts are flat, especially those to tho 
south of the town, Hadloiv is a large village on a flat of Weald Clay, 
covered by gravel and loam. There are other villages in the district, 
mostly ou the Tunbridge Wells Sand at its junction with Wadhurat 
CUy, bnt they ai'e of no itnpoittmce by the side of the largo places 
named. Tlie southern part of the section described under Seveuoaks 
vrill give a good notion of this conntry also. 

Of the population of Tunbiidge district it is eatimsted Ihal 200 liv* 
on alluvium, 8,312 on the thin gravels that cover the Weald CUy, 
2,413 on uncovered Weald Clay, 21,946 on the more sandy parts of the 
Hastings Beds, and 1,400 on the clays of that formation. 

Phthisis death-rftt« (registered) for males - 362 

„ „ „ females - 437. 

Tunbridge is one of the districts of whicli the exact phthisis i-at« 
among residents is vmcertain, on account of many consiunptive invalids 
resorting to Tunbridge Wells. Not much less than half the consumption 
deaths of that town (in the brief and recent experience of a registrar 
who has supplied information) have been among visitor invalids. 
Allowance being nuule for the special circumstances of this town in th« 
figures relating to the whole district, tho figures 302 for the mate death- 
rate and 364 for tlie female, iLre suggested as a fair approximation t6 
the true rates among residents. 

[27? ?] MmvTAT, Kent. Aeres, 14,565. FopuhitioD, 61,805. 
Map 6. 

A Chalk district, bordered on the north and west by the Medway and Med*ay. 
its narrow marshes. The general slope of the ground is in the main 
downwards from south to north and also from east to west. At the 
north-eastern edge of the district there Is a little Tertiary sand. 

Chatham and Rt>ckeiler are by far the most important places of tho 
district, which indeed contains little else than these towns and their 
Bubtirbs. They lie ou slopes of Chalk, rising to 200 feet in one direc- 
tion and to 108 in another. These slopes are overlaid at Brompton 
(part of Chatham) by Tbanet Sand. The Luton \alley, which is 
covered by the houses of Chatham, has some gravel and brick-earth 
over its diy chalk bottom ; but at tho lowest parts of Kochester and 
Chalbam, near the Mudwuy, there is some alluvium over very low-lying 
chalk (tie elevation of these parts above mid-level of the sea being only 
18-20 feet), and here oJouo could there be any wetness of the superficial 
soil. GiUingkam is on gravel over Thanet Beds. 
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^UimBDix. Approximate number of residents on alluvium, 1,000; on Lower 

^^^ London Tertiaries, 5,000; on Cbalk, 44,887 j and there were at the 

n^t^%- "^nsus 918 persons on board vessels. 

tri^i/m of Plithisis death-rate (registered) for moles - 607 

Phthaa iM „ „ „ females - 353. 

£anpnc»Xr "^^^ ^"^'^ death-rato is greatly affected by the preaence of a numbei- 

Soil, bi/ of military and naval ostablisbmcnta in the district. The aj-my and 

Dr. Buckaiiau. nayy medical departments have kindly ]>rocured for this report several 

data whiL-h prove conclusively the great extent to which this disturbance 

I goes ; but as all the establishments of the district camiot be examined, it 

remains impossible to procure such corrections as would allow the true 
phthisis rale of ordinary male residenls to be computed. The female 
phthisis death-rate has, therefore, bpen taken as the basis of an estimate 
of what the mean rate of the two sexes would be if the male popnlation 
were not subject to disturbing influences ; yet much uncertainty must 
remain as to the exactness of this estimate. At Chatham and Rochester 
there is little or no iulermitlout. 
[31 ? ?] R0.11NEY MARsn. Kent. Acres, 4f>,78o. Population, 5,708. 
Map 4, with memoir, 
Ronme; Marsh. Except a few houses at fVesl Hythe that are on Weald Clay, all the 
disn-icL is marsh land and ehingle, almost the whole is "below the level 
" of high water at spring tide?, but the access of the sea is prevented by 
" tracts of shingle bordering the marsh, which are partly piled above 
*' the level of high witter, and by artificial walls which have been 
" erected wheie no barrier of shingle exists. The patches of blown 
" Band consists of irregular hillocks, generally less than 20 feet high." 
tGeoL Survey, memoli', p. 15.1 The marsh, which is formed by peat and 
day with occasional sand hillocks, is underlaid at a depth of 10-20 feet 
by loose sand of unknown thickness, which furnishes the water supply. 

L;/dd and A'eio Ilomney are the only places of any size. Both are 
on siiingle, along a former coast line bordered closely by marsh land, but 
the inhabited parts are idl on shingle rising somewhat above the marah 
level ; many coastguard stations are on the ebingle. Dymchttrch is on 
the present coast, on the marsh, and lies very low. All the rest of the 
district is on the marsh land just described. 

Of the whole population 2,849 may be taken as living on alluvium 
and 2,829 on shingle, and 30 on uncovered Weald Clay. 

Phthisis death-rate for males - - 315 

„ „ females - - 381. 

The smaUness of population forbids mucli reliance to be placed upon 
these figures. 

In thisdistrictthorensed to be ranch intermittent, described as pecnliitr 
in a way that suggests its being frequently a complication of ^phoid 
fever. There is less ague of late years, and what is seen is described m 
being more like than it was to the disease elsewhere met with. 

[41 ? ?] Bhighton, Sussex. Acres, 2,320. Populalion, 77,693. 

Map 9. 
This district comprises the town within the municipal limits. Note 
that Hove is in Steyning district. The town is in its greatest part on 
slopes and in a valley of almost bare chalk ; but some western parts are 
on ao iiregutar occnmulation (the elephant bed) of chalk -rubble and 
flints, qnitc as pervious as chalk itself ; and along the valley there is a 
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Fbtbisia denth-nite for malts 



I thickisb bed of nude eartb, uiulerl&Ju by a fiinty coDgloiuente Icnown ■ 
Combe Bock. These are pervious, though less bo tbau the chaU. A. 

, the lowest ijing parts of the town the water-line b aboot 20 feet below „ "* '■ , 
*hfi surface. ^^t^^j^ 

rfftctaltf 
Dampmttl- 

These nues, bal especially the male rate, are alighlly raised by deaths j^ ^^ 
ID the Sussex Couniy Hos|>itul here : for praciical purposes, howerer, 
this need not be considered. A more important disturbing iaflueoce 
(whose amount caoDot at hU be ascertained) is the use of Brighton as a 
place of residence for consumptive invalids ; or the converse disuse of 
1 by residents who there become consumptive. 



Fl.dun.at 
Smnmaiy vin^ 




In the preceding table, so much of the geological account of each dis- 

tiict is reproduced as relates to the formations on which people live, and of i 

the general perviousness or iraperviousness of the soil may be leaniL The l>«we«i tea 

first impression from the table perhaps is that any of the great formations ^ 

(with the exception of Weald Clay) may have on them a lai^e share of ™ 

the population of a ilistricl, and yet that distiict may have any position 

in respect of its phthisis mortality. But on looking into the liiit of 

districts (after a separate study of each) with special reference to the 

point suggested by last year's inquiry, the wetness or dryness of soil, it 

soon appears that ibe diittricts arranged in the order of the prevalence of 

consumption in them are also to a very great extent arranged in the 

order of the dryness or wetness of their soils. 

It would be desirable, in proceeding to examine this point, to place 
the districts in a series according as each had fewer or more people 
living on wet or on dry soil. But it is impossible to do ibis on account 
of the VAOt of universal comparabili^ in respect of dryncES and wetness 
between tlie soils of different formations, and even between soils made 
by the same formation in different geographical conditions. Thus the 
crater-holding power of a soil is determined first by ila degree of 
perviousness ; and this, to b^n with, is not the same thronghout the 
whole extent of each bed, and still less can perviousness or impervious- 
nesa be taken as absolute terms to indicate that all pervious beds are 
exactly comparable together, or that one impervious bed is just as 
impervious as another. Secondly, the water-holding power of porous 
soils of equal permeability b determined iu the main by diflerent 
considerations than those which settle the water-holding powers of 
retentive soils of equal impermeability. In the former ca^c, elevation, 
slope of subjacent beds, and other conditions indicating facility for water 
running away have chief weight in determining its wetness or dryness ; 
in the latter ease, of retentive soils, every consideration yields lo the 
pnramoimt one of surface slope. The difficulty of stating the precise 
order, as to dryness or wetness, of suits i!o various appears insuperable. 

But though it is impossible to make the desired classification ot all the 
districts, and although the evidence concerning the influence of soil is 
after all best shown by the detuiled study of the particular districts, 
there are two ways in which tlie results of this inquiry may be 
summariied so as to present the facts in a pi-omiuenl way. The one (A.) 
is to take groups of the districts in the order in which they stand for 
phthisis, aud examine these giMupa as to the general perviousness or im- 
perriousneM of soil, trusting to other conaideratious of elevation, slope, &c., 
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ipensating each othev within the group, Thia ia, upon merely 
arithmetical groundB, an objectionable method, for all the facta concern- 
ing a particular cliatiicl get overlaid bv thoae affecting other distrigtf; 
absolutely negative cases get concealed; and thus the groups cannot 
safely and profitably be contraated. The other method (B.) is to select 
out of the 58 districts such as are most comparable with each other in 
regard of their position and geological Btructura, and to see bow their 
phthisis is all'ected by the perviousoesa or imperviousness, elevation 
lownesB, slope or flatneeti in the members of such more limited aeries. 

(A.) Upon the method of grouping districts it was attempted to 
a rough grouping of noils, according as they were retentive or 
vious, for comparison with the prevalence of phthisis fn the group. 
The BO districtB whoee true mortality from the disease Is pretty weL 
ascertained were divided into five gronpe, the first group A having the 
10 districts with the Kmallcst phthisis i-ates, group B having the next 
smallest, and so on to gronp E, the 10 worst districts for consump- 
tion. Then for each gronp of diatricte the people living on pervious 
soils and Ibuse living od retentive soils were reckoned up, and a small 
intermediate group was made of such soils whose conditions appeared (v 
entitle them to a middle place. 

The following table waa tiius obtained :— 



ionocj 

BB. ■ 



Id groapg, eachof 1 regiitratioti dlBtriet«,baviag I 
popolatian u shDwo, the numbers of residents > 



Shingle and lea sand - - . . 

OmvelB over London Clay . - . 

BagBhot Bed«, uxcluding tracts of Braokln- T 



Lower London Terliarien ' - 

Chalk 

Upper Greensnnd . . - . 

Lower Greensand, excluding S&ndgale Beds - 
Sandy members of the IlaaLings Beds 



living on (bese mostlj perviooa formatioDB - 



I 
I 



Per I,0IJ0 of total population of the group] 
living on these fonnalionB of intennediutely 
charaoter - - . . I 



AIluTtum 
BrarklesluiTn Beds of Banhot 
Gault - . . 

Sandgate Beds of LowerGrecnsand - 
Weald Claya, wilhont graiels 
Clajey members of the llaitiDga Beds 



Per 1,000 of total popnlalion of the groep] 



I 



• Lower London 'nOTiariiu pontiln impervious beds, the poi 
fated j but aitbesoara moat or aufh bed* in diilriclB grouped' 
ba to InteaiU^ the diBarenoai bent ibova batweeu [he iroopB. 
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Comparison of the five groupe <i( dielricu aliowa a much larger pro- 
portion of residenle on retenlive soil in the 10 wor^t plitlii»i? districts 
than in ihe 10 beet, and if (by way of allowiog for tlie iutennedinta 
cboracter of tbe generally sloping London Clay and eltght gravele on 
Weald Clay) we divide the middle claes equally nmong pervious and 
VBtentive soils, we hare the following Bcries: — 

Gronpt of Dimricts. On Ferriotu Soili. On reuntive Soili. 

A, with least phthisis - - 909 91 

B, with next least phthisis - 877 123 

C, middle ns to phthisis - 79fi 20.i 

D, with Btill mor« phthisiR - 792 208 

E, with most phthisis • 642 358 

Bat besides the oriliimetical objections to whicli such a method a« 
lliis is open, it is plnin that, if reteiition of wutvr iu a evil he an iniluene* 
upon consumption, a district has no advantage from mere perriouaneai 
of Boil if it is 80 situated that its soil-water cannot get away. This very 
obvious consideration finds no expression on the foregoing tabular 
Btat«meutg. In group A, for instance, the chalk is almost all high, 
"while ill group 1) low plains of gravel -covered chalk are reckoned 
under pervious soils, which might, as far as iheir water-holding faculty 
goes, as fitly find a place among the retentive formations. 

But, leaving the method of grouping, and passing to the examination 
(B.) of more naturally comparable distiicts, the prevalence (<■) ofphlhitis 
uponpervioua loiUfrom uihich water can drain aicay, as compared vUk 
iUprevalence upon rrlentive toih, may first be investigated. The Wealden 
area of the south-eastern counties offers an excellent set of districts for 
the purpose of such a comparison — distiicts which differ from each 
other, too, in very few respects save in the matter of soil. The area in 
qneslion comprises Ihe Weald Clay, and the Hustings Beds of allemale 
sands and clays (page 61). Very different facilities of getting rid 
of water are presented by the elevated sands of the Hastings series and 
the flat pbin of tlie Weald Clay ; and, although there are no districts 
wholly of sand (o contrast with others wholly of clay, the different 
effect of these soils respectively upon phthi:us may bejudged of by the 
different prevalence of the disease in dieti'icts formed hy ennds and 
clays in different proportions. I'aking thoee districts where the majority 
of the people live in the Wealden area, and arranging them in the order 
of their consumptive mortahty, the table on p. 104 shows the per-ccntage 
of people living on sandy soil and clay in each. Gravels over Weidd 
Clay, being of intermediate importance, have been divided (in making 
the last columns) as if thoy were half sand and half clay. 

Here the districts with less phthisis are seen to have more of their 
population on sands and less on clays, and those with more phthisis to 
have more popniation on clays and less on sands ; the descending seriea 
of tbe per-centage numbers on sands and the ascending seriea of those on 
clays being wonderfully nearly regular for the districts arranged in the 
order of their consumption ; so moch is this the case, indeed, that they 
could not be expected to be more regular tmless one should go the 
length of contenting that phthisis was a disease influenced by no other 
cireumstance than the one condition of soil,* 
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■ It moBl be obHTred dial the BuidB and clays of tlie WeHlden &r«a do not rbmlBh 
the moil thoroni;]] contrail that is poinible in regard of vBtcT-rEicntinii,>iixsmDch as 
the landi are very fine and oitcn clsjcy.sndlliut hold in water more limn coarser fande 
or graveU. The di^jlacement of Uambledoa and Msidsione possiblj may indicate 
thai people living on Hytht^ Beds of the Lover Greeneand are even better oil, a> 
regs^ oonnunption, than those on BsniDgt Sands ; or else that tbe good quslitlei 
of gravels over Weald Clay have been luidw-etdinHted. 
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DiSTRiCTa (lie Majoriiy c-f whose Popularion live 
Counliy. 



Order of ISjtrict «mong 

the Fifty^isht DiitricM, 

iaordorofPbthidi 

Uortallty. 



3.1 Hwtlings - 
15. Cran brook - 
2a. r East Grinatead 
33.?^ Tunbridgi! 
SB. LUekfield - 
38, rHumbledoD 
29. 1,8111116 
40, rllyii - 
49. i Mudstone - 
4a ICnckfield - 
4G, r HuUham - 
47. L Ticeliurel - 
31. TenierdeD - 
fi3, Honhaiu 
66. Petwnrth - 



Fer-ceati^ of Papulation resident or 



Clw» 



■s- 



Compniiaon 
of various 
diitricts of 
pervious aoiu. 
WeleviLtion, 



In the secood place (j3), it is evident that wMin the limits of '' perviout 
soils " may be included very gi-eat vangc of wet and dry soils, nccoi-ding 
to the elevation of the ground and the dip of subjacent impervious beds ; 
and this consideratioa appears lo affect notably- the prevalence of 
phthisis. Thua the " graveli over London Clay" form tliroagliout 
the north of SiuToy, tracts of eomewhat elevated or inelined ground, 
beneath which the impervious clay has a notable slope, usually totrardd 
a stream. Diatficta iii which n considerable part of the population live 
on Bueh gravels oi-o Epaom, Chertsey, Cioydou, Hoo, Richmond, Kingston 
(with 11, 29, 35, 65, 94, and 79 per cent, respectively of the popolation 
of each upon these gravels), and these districts stand respectively 4tfa, 
12th, 13fh, Hth (?}, 16th, l7th, among the 58 districts in the order of 
their mean phthisis rates (Table, pages 59-60). But at the eoutbenipirt 
of Sussex the London Clay fbims almost flat plains scai-cely above hi^- 
wat£r mark, and wat«r is necessarily much held up in the gravels otttm 
such clay. Westhoniptnett and Chichester ai'e the only two distticta b 
which much of the population (vis. 29 and 69 per cent, respectively) 11*^ 
on such low lying gravel over London Ciay, and these two districts « 
53rd and 58th on ttie list of the 68 districtH, Chichester being i 
worst position of all. 

A like distrihutioQ of phthisis is observed in the several district 
where much of the population lives upon the Lower Loudon Ter 
formation. On the north of Kent and Surrey such districts are more OP 
lees high lying, and their beds are chiefly of sands and pebbles. Several 
of these districts have such small phthisis rates that they stand quite at 
the top of tlio list, Dartford, Epaom, Milton, ond Bromley being r 
lively 3rd, 4th, Sth, and 10th among the 58 districts. Other 1 
London Tertiary districtH follow at no great distance down the 1 
E&stry and Faversham, with good part of thoii' population on this ton 
tion, stand no higher than 38th and 39th on the list, although the b.. 
are mostly pervious ; hut the Lower London Beds here do not, fi 
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■ veasons of elevAtioa and dip, retuUly get rid of their water. There 
r other dietricCs inio which the same tbrmaiion eotcrs that nre among 
worst of the diatricts for phthisis, but here (Weelbamptiiutt S3rd, and 
Westboume 57) the beds ore low, flat, and waterlogged, and tliemaelvcs 
are less pervious than lu the northern tract of the Lower London Bed^. 

The Chalk affords another illustration. No soil Is drier ilian cWk ^ 
wheji it ha5 a fair elevation ; it is ao dry, indeed, that at its higher purls Daipuat^ 
there are no atreamB, water cannot be reached by ordinary wells, and „ ^''.'* 
the people seek lees elevated ground to eupply themselves with the 
necessary element of water. In many district)) the bulk of Uie popula- 
tion who lire on Chalk occupy valleys with the water-line in the clialk 
Dot many feet below their houses ; and in the south of Susses a still 
greater degree of wetness is reached, for lai-ge part of the ai-oa reckoned 
AS Chalk is a flat plain on the sea level, covered by gravel, with the dip 
of the Chalk here and there inland, jf, with this preface, reference be 
made to the description of various districts which have a majority of 
their population on Cbolk, and to the table on pp. £9-60, it will be seen 
that the position, as regards consumption, of those districts will on the 
I whole represent the order in which they would stand if they were arranged 
\ according to ibe better or worse elevation of the chalk area on which the 
' population live. Thus, North Aylesford, niouei, and Dover, which 
stand together seventh, eighth, and ninth among the 58 districts, have 
their inhabited chidk areas far more elevated, and their water better 
carried off than Worthing, Lewes, and Westboume, which are respec- 
tively 48th, 50tb, and o7th on the list. And if the intermediate chalk 
districts be compared, then it is still found that tbey range themselves 
in much the »unc order in regard of consumption and in rt^ard of 
the high or low situation in which their population Vwqs. It is indeed 
difiicult to say with exactncs.'S in the absence of more minute loc-al details, 
what the precise degree of dryness of a chalk district is, and still less 
certainly can Ibis be stated for particular spots where mosses of popula- 
tion come together ; but the general connexion between small consumption 
and elevation of the chalk area is not to bo mistaken, the only prominent 
exception being in the case of Brighton, about the true place of which in 
the series there is oonfeseodly no accurate information. 

Ag^u, another illustration of the effect of elevation of porous soila 
maybe found in a comparison of the several districts where the populalioD 
live mainly upon Lower Groensand. Constructing for tltis formation a 
Boraewhat similar table to that relating to the Weald, and taking the per- 
centage of population living on pervious and retentive soils, we get a 
series agreeing with that of the Wcoldcn table in showing generajly a 
larger proportion of inhabited retentive Hoil, where the people suffer a 
greater consumption mortality. But there will be found on this table 
(besides the formerly observed irregularity of liambledon, page 103, und 
note), a notable misplacement of Tbakeham, in the series of figures that 
indicate the per-cenlage on pervious and impervious soil respectively. 
Now, the whole southern tract of Lower Greensand on which Mid- 
hurst aud Tbakeham are situated lies low, forming quite a different 
ground from the hills of the same formation on the north ; but incom- 
parably the worst district for wetness of soil is Tbakeham, where most of 
the Lower GrecDsand Beds are pervious, but where they form a low flat 
_- plain, through which runs a stream Irardered by broad flats of alluvium. 
"" e only snggeation of an exception to the rule that flat low-lying 
tnds and gravels liave a larger amount of consumption than those whose 
n and slope allow of water being got rid of, is iu the cn^e of 
ttiose districts which have a good many houses built upon shingle. Dover 
'■ one of theBe, a quarter of the district population living in the lower 
30ST1. R 




pariB of Dover towD, in such bouses. Dover district stands n 
than uinlb iti the list of the 58 JlBtricts, and Dover town, even L 
its saniiurj improvumenlB, bful a veiy ^mal] death-r. 

Now, thougli mucb of the town nud all the rest of tha district is upon 
chalk and nibble, well placed as regards dryness, it appears certsju that 
neither the district nor the town would have a good chanicter for con- 
sumption If the saturation of the shingle wua of material evil influence. — 
Again, the district of Bomney Marsh is as low lying nud as wet as any of 
tlie 58 districts, hut its place on the list is probably not farther down than 
31. Ilali'of Komuey popidalion live on ^biuglc, tbeotherbalf onasoit of 
estuary alluvium.— £rs try is the ttiird district tliat bos any coneidex 
part of its population on sliingle, notably the town of Deal. "" ' 
taict stands 38tli in the order of its phthisis, below Romney J 
then there ai-e in Eastry other low-lying places not on the sea faee,n 
would be expected to resemble in their phtbisia rates some of l! 
lying chalk and tertiary districts tliathave been shown tosufier consider 
from the disease. Upon the whole, then, it appears probable t] 
pervious beds saturated by sea water have not so high a death-rftte f( 
oonsamption ae those saturated by other water.* 
Corapsriion Next {y), as to the impervious for matiotia that Lave been investigt 

iQTBTioas in t]je tiiree connLies, The various clays of tlie Hastings series aod 
is boila"" Sandgate Beds have had their inflnence Bufficientiy demonstrated a 
two tables Umt have dealt with the dislributiou of phthisis in the WeB 
and in the Lower Greensand districts respectively. Of the i 
BrockleBliam Beds of theBagabot Sands little has to be said, e 
they are most represented in tlio district of Westhumptnt 
\la phthisis rate Btanda far below any other of the Bagsbot I 
districts. 

• Al first HJght indeed ll does nppfiir from the intpcrienM of Dover that geMag rt 
of Ibe aubsnll wBter from the shingle has operated to reduce coosumplion, ai ' ' 
would therefore seem that the sea water had iu degree of deleterioun influence ffi 
diBcase, But the drainage operations of Dover had certainly far i 
nuuoving spring valer froui the subsoil than in altering the snlurstioa of the A 
^ tbe Sea. (9tb report of Med. OS. p. 132.) 
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There remain the two widely distributed impervioos formations, Appendix, 
London Clay and Weald Clay, and some consideration must also be given ——^ 
to the alluvial deposit of river sides and estuaries. ^o, 5. 

London Clay and Weald Clay difier very importantly from each other f\f- } 
(pp. 62-64), in three chief rcspects^ — (1.) London Clay in its main extent phtl^^ 
through the three counties forms long slopes and notable hills ; Weald affected fy 
Clay forms sometimes gently undulating but for the mast part flat level Dampmtaa tf 
ground. (2.) London Clay over large tracts is covered by beds of gravel ^^^ *y 
reaching to many feet in thickness ; Weald Clay has only very local ' •^•'^'w'*' 
gravels disposed in undulations of the clay, and rarely at all thick. 
(3.) Weald Clay is always bounded immediately to the north and south 
by higher ground, so that other beds drain more or less into its area ; 
London Clay forms a more opeu country, and the direction of drainage 
from other beds is generally away from it. All these considerations show 
that the London Clay has commonly a much less degree of wetness than 
the Weald Qay.* 

The difference between the two formations in respect of their phthisic 
mortality is unmistak cable. Firstly when it is cov'eml by gravel, London 
Clay stands, as has been shown, among the best of the formations, except 
when its \oi7 lying flat position in Sussex brings it into physical con- 
ditions closely comparable with the habitual condition of Weald Clay. 
Of Weald Clay when covered by its local gravels it can only be said that 
it has not, so far as can be judged, so extremely high a death-rate from 
phthisis among the residents on it as where it has no gravel. 

Comparison of the two formations when uncovered by any gravel 
brings out \he\r difllerence in respect of phthisis quite as positively. 
On reference Uy the descriptions of the districts and to the table, it 
does appear that much uncovered London Clay in a district places 
certain localities {e.g. Croydon No. 13, Kingston No. 18, Blean No. 19), 
in a worse position than others, where this clay is covered by gravels or 
the soil is othei-wise pervious, and this happens even though the ground 
should not be (as it is at Westboume) low and flat. But on the whole it 
appears that there may be in a district a notable proportion of uncovered 
London Clay, forming high and sloping ground (as in the case of Epsom 
and the districts just quoted), without that district experiencing a very 
serious consumption death-rate. But of the Weald Clay, the evil eflect 
upon phthisis was already conspicuous upon the first table that showed 
the connexion between consumption and soil in the 68 districts (page 
102) ; and the next table, in which the Wealden area was particularly 
examined (page 104), brought out the relation between this formation 
and phthisis into even stronger relief. Of districts that have a third of 
their population on nngravelled Weald Clay, the best in regard of 
phthisis stands no higher than 42nd on the list. Only London Clay, 
when exceptionally placed in the same fashion as Weald Clay, or flat 
plains of gravel lying on the sea level and saturated with wet, make 
their appearance along with Weald Clay districts in the last-named 
10 places on the general list where the consumption death-rate is most 
excessive, f 



* Weald means Wood, and this country used to furnish much timber to l*ort8mouth 
dockyard. It is on record that after a wet season the transit of timber from Kent to 
Hampshire has taken two years to effect, owing to the impassable character of the 
roads through the Weald. 

t The obaervation may now be added that of such districts as stand high on the 
pfathisU list having 10 per cent, or so of then- inhabitants on Weald Clay, many are 
models of dry loils in their other parts, and from that circumstance might now be ex- 
pected to rank Maiewbat higher than they can rank with tde inclusion of Weald Clay. 
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As rogords allnviurn, it bears in most ilislricts but n bid&II proportion | 
to the whole Hrea, and the residents on it betirs a Etill smaller proporlioB 
to the enljri; pojiulaiion of each, Moreorer, the presence of aUnvium 
generally indicalee that some other parts of the diatrict lie flat and low. 
Hence it is difficult to iusigii a value to thb retentive formation m 
respect of ilfl influence on phthisic. There are two districts, howerer, 
Sheppey and Romuej Marsh, in the one of which half, and in the other 
more than half the people live on low flat clayey alluvial plains, the 
olher half of the population of Romney living on shingle. Both them 
districts exhibit death -rntes irom phthii^is diffei-eut from what the general 
conclusions of this report would have led us to expect. They are botli 
indeed dinti'icts of which the true death-rates can scarcely be atlirmedand 
the precise place of which in relation to other diatticU is doubtful, but 
there ia no doubt that Romney Marsh is not fiu- below the middle and 
that Sheppey is somewhere near the head of the list in the order of i 
the 58 districts, whereas other districttt that form low wet plains an ' 
together at the bottom of tlie list, or are met with ia a better jiosition- 
only as higher and dryer ground enlers into their composition. Thft 
esceptionol behaviour of these two districts in regard of their phthisji 
must either have some exceptional reason or it must be confe»B<l 
that they seriously disturb the chief conclusions that have appeared 
to be gained. Now, in two respects thasc districts of Sheppey and 
Komney Marah actually ore difliirent from other low Hat places in the 
three counties, and iu cither of these respects an explanation may b 
sought of their exceptional immunity (abrolute or coraparutire) from 
phthisis. Firstly, the suggestion may be made these two we the very 
districts where there is the meet ague, and the old belief in the exeluaion 
of phthisis by ague may be a truth. To this, however, it must be 
answered — (1) that proof of the belief has not been sHtisfactorily given, 
by the exclusion on one side and ou the other of other condiliona i 
influencing the occurrence of each disease, and that much evidence hu 
been brought forward in support of the contrary opinion ; (2) that 
in some of the other districts exaniined there has been a good deal of 
ague, not aa much as in 8heppcy or Romney, but still a good deal, 
and certainly as kte as 1859, But these districts, Fuvershom, Hy^ 
Maidstone, and Lewes," stand indiflerently or bodly among other 
districts in tlie amount of their consumption, being respectively 39, 40, 42, 
and SO among the 5S. (3) That at Sheemcss, the principal (own of 
Sheppey, built wholly on alluvium below high-water mark, there is not 
BO much ague as in the higher lying parts of the district, EaslAhurch mi ^ 
Minster, and there is also (on the testimony of Dr. Swales, of Sheerneaa^ 
distinctly less consumption produced in Ihe town than in the vilUgMM 
Sheppey beyond Shecmees. I'rohably, then, the suggestion that phthtd" 
is comparatively little prevalent in Sheppey and Homney, on account o 
the nguoa there, may be put aside with the remark that these district^ 
furnish exceUent examples of the sort of places concerning which t 
statements has been made. But another suggestion may be hazarded 
in favour of which ia Uie analogy of the towns npon shingle alreadf^ 
discussed. In the same way as towns built on low lying pervious ootA 
stand exceptionally well in their amount of phthisis if their soil bafl 



* Milton and (Too [bo far u any mference can be dravn from Ihe small pcpulatieft'l 
of Hoo) are olhtr dislricls which have mltrmitttatfl, and yet go along wilh ShejiptfM 
■ad Romney ia not having very much phthisis. Bnth, however, range tliemaelves pracHj 
inlelli^btf when claasiSed bj iheir gsologieiil charactere. Bui jet (hey may requW^ 
•ome nich consideration as a bring advanced for Sheppey and Bomney lo accoimt A" 
their bting better tluD some other districto in regard of their conaomplion rate. 




SO.S. 

On tht Dit- 
IrilntiBt lif 

afftctrd by 

DampntMof 

Soil, b<, 



I flaturated bjMit water, so majr not place? sitiinted like Sheemess and Aprexnix. 
L Bomney, on sites whicli are ecarcelj more of lund tlian eeo, have an 
ncvptional immunity from phtliisis among those districts tbat tiave flat 
I nt«n[ive soils ? No otlter of the eouth-ca.slcrn digtricls at all resembles 
' these two in the degree lo whirh their soil has been gained and is (mort; 
or less aj-iifieiaUy)wilhlield from the sea.* Without venturing to give an 
answer to this question, it may be allowed that there ia enough of special 
character in the couditione of Sheppey and Komney districts to separate 
them from the numerous low-lying districts, upon the uniform experience ' ^__ 
of which it is stated that loir-lyiug i%tentivo soils hare high mortality 
from phthisis. 

The following general conclusions then result from the present 
inquiry : — 

(I.) Within the counties of Surrey, Kent and Sussex there is, broadly Summary of 
speaking, less phthisis among populations living on pervious soils than coorlmiona, 
among populations living on impervious soils. 

(2.) Within the same counties, there is less phthisis among popnlatjnns 
living on high-lying pervious soils than among populations living on low- 
lying pervious soils. 

(3.) Within the same connliee, tliere is less phthtftis among populations 
living on sloping impervious soils than among populations living on flat 
impervious soils. 

(4.) The connexion between soil and phthisis has been established m 
tliis inquiry — 

(a) by the existence of general agreement in phthisis mortality 
I between districts that have common geological and lopographical 
I features, of a nature lo affect the wuler-holiling quality of the 

soil ; 

(b) by the existence of general di^^agreemont between districts that 

are differently circumstanced iu regard of such features ; and 

(c) by the discovery of pretty regular concomilnncy in the fluctuation 
of the two conditions, from much phthisis with much wetness of 
soil lo htlle phthisis with little wetness of soil. 

But the connexion between wet soil and phthisis came out last year 
I In another way, which must here be rceuJled — 

(rf) by the observation thiit phthisis hod been greatly reduced in 
towns where the water of the soil had liecn artificially removed, 
and that it had not been reduced in other towns vrhero the soil 
had not been dried, 
(5.) The whole of the foregoing conclusions combine into one — which 
lay now he aflirmed generally, and not only of particular dislricis — that 

tTKESB OF SOIL IS A CAUSE OF PHTHISIS TO THE POPULATION LIVING 
itOS IT. 

(6.) No Other circumstance can be defected, after careful consideration 
of the materials accumulated during this year, thnt coincides on any large 
scale with the greater or lees prevalence of phthisis, except the one 
condition of soiL 



• Even the towns of Hye district on the IwrdiTS of lioraney Marsh are on a riae 
Ast takes them comparetivelj sway from the eea. s^eu-atmosphere alone doen not 
■ppcBr to infiuenoi; the prevaJeace of phlliiiis -, the disliicts nt liie south of Safis«i 
uat have been repeBicdljr died as llie vorat in Ilii;^r phthisis mtcs an; tnoitly on the 
eoast, and, on the other hood, Hastings and Tbsnel, which stand eilremely well, are 
(ID the cout likewise. It is possiblt ihae in the suggcEtion uf the text there may he a 
due to the cause of the disi^repsnt erideDce about phthisis and ngue ? U[>ea b salt 
water marsh give to (hose who live on it a disposition to ague but not to phtliisiai' 
vhile a river manlk or flat soil in proximity (o a Eiilt marsh conduce to lH»b ague an J 
I phthisis? 
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(T.) In this year's inquiry.and in last year's aim, single apparent exdl 
lions lo the geDernl law have been detected. They nre probably i 
of fact or observation, but are indicntions of some bT" 
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iribinion of law in the backei-ound that we are not yet able to announce. 
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Posi SCRIPT. — The conclusions of this report hod been drawn, and tl 
agreement with observations of hint year's report had been seen, wm 
- at the end of 1B67, my attention was directed by Dr. Gavii 

the Seventh Annual Keport of the Registrar- General Ibi- Scoilai 

which (pp.jtlvii-slviii), ho quotes '• tlic concluEiona which Dr. Bowditclt 
" of Boston, U. S., has drawn from a very thorough inquiry into one 
" of the causes of consumption in Massachusetts," Tlie Kcgistrar 
Geneml writes : *' It must be remcaibered that coui^umptiou is inii(A . 
" more fatal in Massachusetts, and iu the United Status of Amei' 
" genenilly, than in this country ; and on investigation it was foui 
" that the towns, villages, hamlets, and houses which were eituatedw 
" or near undrained localities, or were on heavy inipermeahle soilt^ a 
" on low lying ground, and whose sites were consequently kept d 
" had a very much larger number and proportion ol' cas 
'' sumption than towns, villages, hamlets, or houses which wi 
'' on dry or rocky ground, or on light porous soils where the redundant 
" moiEture easily escaped. Let us see how such aa explanation would 
" agree with the very different proportion of deaths from coiiBumptimi 
" which occur in the eight principal towns of Scotland. Taking n five 
" years' average (1857 lo 1861 inclusive), it is found that, fiup|>osing all 
" ih^e lowus ere brought to an uniform population of 100,000 persoae, 
*' there died annually fiom coneumption 20S persons in t-eith, 298 in 
" Edinburgh, 310 m Perth, 332 in Aberdeen, 340 in Dundee, 383 in 
" Piusley, 399 in Glasgow, and 400 in Greenock. The fact is, that If J 
" each town had been arranged iu the order of comparative dryness of J 
" its site, tlicy would almost have arranged themselves in the abovs 1 
" position — Leith and Edinburgh the most free &om conaumptiou, and ' 
" also having the driest sites ; Glasgow and Greenock the moiit ravaged 
" by that dieeaae, and beyond all comparison situated on the dampest 
" sites. The above fact, then, with regard to the towns, corroborates, 
*' in the most striking manner, the conclusions of Dr. Ituwditch, aiid 
*' should be a valuable help to the sanitary reformers, as to the vvj 
" important measures which it is their more especial province to carry 
" out. Dr. iiowditch's conclusions also are singularly borne out by the 
" remarkable freedom from coDEUinption at the Cape of Good Hope ud 
" South Africa generally, Egypt, etc., and the comparatively high mor> 
" tality from it in the moist climate of Great Uritain ; and white th<jy 
" point out the cause, aflbrd valuable indications as to the curs or relief 
" of those atlecled." 

Until the end of my own inquiry, I was in complete ignorance of D 
Bowilitcb'a roHearchos. I should not insist on this point, except for U 
purpose of giving to the conclusions which Dr. Bowditch and mri ' 
have obtained the additional weight that they deserve from haritigD 
Jirrivedat by a second inquirer, wholly ignorant of and therefore uabias 
by the work of the first. Several efforts that I have made to <" 
a copy of Dr. Bowditch's pamphlet have unforlimatoly failed, and I Bl 
therefore unablo to give, as 1 had wished, an abstract of the observatiotks 
irhich he brings to the supiwrt of his conclusion. 
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No. 6. — ^Db. Sanderson's Report on the Communicabilitt of Appshdix. 

Tubercle by Inoculation. 

No. 6. 

The investigations to which the following report relates, were under- ^ ^ ^ 
taken in co-operation with the Medical Officer of the Privy Council for ^^^^J^^^- 
the purpose of testing the truth of certain statements recently made on Tvherclelm 
high scientific authority, as to the effects of inoculating animals with InocuUuiantby 
morbid products derived from persons affected with tubercular disease, !>>' Sanderson. 

and of determining to what extent^ and under what conditions, this or 

other allied diseases of man can be transmitted to the lower animals. 

The problems which appear to me to be comprised within the scope Scope of the 
of such an inquiry may be stated as follows : — inquiry. 

1. Is it true that the inoculation of tuberculous matter produces in 
the lower animals morbid changes, so constant in their anatomical cha- 
racter and development that they may be regarded as constituting a 
disease ? And if so, in what terms can it be defined ? 

2. In what respects do the morbid results produced by the inocula- 
tion of tubercle resemble or differ from other diseased conditions com- 
municable by the same process, particularly pyaemia, glanders, and 
syphilis : and to what extent are they comparable with the effects 
produced by the introduction into the circulation of inert solid matter 
in a state of fine division ? 

Part L Inoculation of Tuberculous Matter. 

For the determination of the first question, experiments have been 
made on 53 guinea-pigs. Of these, 30 were inoculated directly with 
diseased material from tuberculous patients, and 23 with material taken 
from the diseased organs, or with the blood, of animals previously inocu- 
lated. Of the latter, 13 were inoculated directly from animals of the first 
series, which in their turn yielded material for the inoculation of the 
remainder. Of these animals some are still under observation, but a 
sufficient number have died of the effects of inoculation, or have been 
killed for anatomicxd purposes, to enable me to report fully on the 
structural characters and development of the lesions produced. The 
quantity of material used in each inoculation was extremely small. The 
mode of insertion employed will be described below. 

Primary 
First Series. Inoculation op Human Tubercle. inoculations. 

Obs. I., April 16th. — ^Three guinea-pigs were inoculated with tuber- Observation L 
culous material from the pia mater of a patient who had died three days Inoc«latiooof 
before in the hoepitai for sick childi-en, under the care of Dr. West. §^^5^ 
The patient, a boy aged four years and seven months, had been ad- mater, 
mitted six days before his death with jsymptoms of tubercular menin« 
gitia, the disease having already existed three weeks. His health 
had been good until two months previously, when he had an attack 
of scarlatina, from which, however, he recovered, and I'emained well 
until the 26th of March, when a succession of convulsive seizures 
occurred, ushering in his fatal illness. The following were the results 
of the post-mortem examination : — On removing the calvarium and dura 
mater the convex surface of the hemispheres was seen to be moist, and 
the convolutions were flattened. The intervals between them, espe- 
cially round the branches of the middle meningeal artery, were beset 
with granular deposit, which, however, was strictly limited to the sulci. 
The sectional surfaces of the brain were moist and pale, and the ven- 
tricles were distended with serum. The surfiEU^es of the corpora striata 
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iMiix, were roughened with minute granulations, and the septi 
— ruptured. Ou esainiring tlie baae of the brain the pia mater coveriof J 

'' f' the interpeduncular space wa« seen to bo much thickened and hyper* 
mnica- «i»ic. The thickening extended into the sylvian fiaaurea, both of 
tyof which were blocked up by exudation, and on opening up the right 
■cle by fissure, a mass of tubet'culoua matter aa hirge aa a filbert was exposed,. 
iHoc^aHim, by AJ] the other organs were carefully examined, hat no ti'aco of tubei " 
_'"""■ could be discovered. 

Microicopical dissection. — On making sections of the 
right sylvian fissure it was found to be partly grey and Herai-truiapa* 
rent, partly white and opaque. The grey parts consist of a transparent 
matrix, in which innumerable round or oval nucleated cells and nuclei 
are embedded. The diameter of each cell scarcely exceeds that of it« 
nucleus. In some parts of the strucmce the nuclei, instead of being 
round or oval, present all intermediate forms between the spheroidal 
and tho9e usually found in the connective tissue of the piu mater. The 
opaque while parts appear to consist of granular stroma, in which 
nuclei are still to bo observed in greater or less abundance. Similar 
(tppearonces present themselves in the thickened pia mater at the baae 
of the brain. Not only hero, but on the surfaces of the corpora sti-iab^ 
the vessels of the affected port^ exhibited the usual changes. The 
multiplication of nuclei or nuclear cells had tnken place in the sheaths 
of many of the capillary arteries to such an extent as to conceal their 
natural structure. 

The three animals were inoculated from the tubei-culous mass above 
described. The method employed consisted in passing a narrow-bladed 
scalpel under the skin, and then inserting the material into the wound 
with a pair of fine- pointed forceps. 

"So. 1. The animal was killed 66 days after inoculation. Morhtd 
appearances were observed at the seat of insertion, in the lymphatTe- 
glands, in the spleen, liver, and lungs. The spleen was employed M 
inoculate three other animals. (See Obs. XT.) 

No. 2. Killed 70 days after inoculation. The same organs 
diseased. Three healthy animals were inoculated with morbid matter 
from the spleen, and three others with the blood. (See Obs. XII. and 
XJir.) 

No. 3. Killed 93 days after inoculation. The lungs were healthy, lbs 
liver was scarcely at all diseased, but the spleen and lymphatic gland% 
as well as the subcutaneous cellular tissue at the seat of inocolalioi^, 
exhibited the same appearances as in the other two animals. 

ObwTvatioD II. Obs. IT., May 2nd. — Four guinea-pigs were inoculated with sputui^. 

iaocolfttiun collected three hours previously, of a patient affected with phthjsis XA 

witbEputnmofn (he [hird stage, under the care of Dr. Quain, at Eiompton Hospital 

wih pli^il^ The patient died on the 16lh of June, when the following appeanaoM 

the ihiM Mage" ""^tq noticed ; — There were extensive and firm adhesions of both pleurBt 

The right lung was for the most part crepitant, but beset with gref 

granulations, tho smallest of which were semi-translucent. There Ynt ~ 

small cavity near the apex, the base of the lung being hypertemlc a 

airless. Tho left lung was much contracted, of fibro -cartilaginous o 

sislence, and perfectly airless. At its upper part was a lai^ cantf 

containing much grumous fluid, and smaller cavities were scattered here 

and there throughout its substance. The pericardium was adherent by 

both its surlnees, and was much thickened. When stripped oft' the 

heartit left a surface roughened with shaggy lymph. With the exception 

of ulceration of the ileoca;cal valve there were no important lesions of J 

other organs. 
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The matfirial used for inoctilBtion was purulent uid crcftmj spatum, 
hi;re and there streaked with blood. It was found on microscopic ox- 
aminatioQ to consist of pus cells, ropy mucus containing albuminous 
granules and oil giohulce, shreds of lung tissue, and sponiles cf fungi. 

The animids were inoculated with on instrument devised fur the pur- 
pose. It was similar to that subsequently used (see Obs, III.) but li-ss 
perfect. ; 

No. 4. Died 54 days after inoculation. 
liver, and spleen were diseiised. The c 
cellular tissue was not noted either in t 

No. 5. Died 51 days after inoculat 
were diseased. 

No. 6. Died 72 days after inoculation. The usual appearances were 
observed at (he seat of insertion, in the lymphatic glands, and in tlie 
internal organs. 

No. 7. Killed 77 days after inoculation. There were no morbid 
appeuuBces. 

Obs. in.. May lOlh. — Two guinea-pigs 
expectoration of a female patient, admitted 
the 9th of March, under the care of Dr. Qu 
13th of May. The record of the post- 
was present) was unfortunately not entered 

the lime that the expectoration was collected the patient was in a state ""ge. 
of extreme prostration, accompanied with the usual symptoms of the 
final stage of phthisis. The physical signs afforded evidence of extensive 
disintegration of the nppcr parts of both lungs, and of the existence of 
one or more large caviiies at the apex of the left lung. This diagnonis 
was verified after death. 

The sputum consisted of pus corpuscles similar in character to thoso 
above described. It contained falty and albuminous gmnules, and 
various forms of fungus growth, viz., hyphfb;eous filaments, and spores 
of two varieties, one of which exhiliiled a necklace-like arrangemeuL 

The instrument used for these nnd all subsequent inoculations consists 
of a steel canuln, about ihTee-Bfihs of a line in diameter, pointed ut 
one end like the tube of a subculaneous injection syringe, and fitted with 
a steel rod, which is of the same length and bevelled in the same manner 
as the canula. In using it, the material to be inoculated, if liquid, is 
drawn into the pointed end of the tube by pulling back the rod or 
piston for a line or two. If it is intended to employ solid matter, the 
instrument is easily charged by intioducing the material into the some 
part of tlie tube with the aid of a pair of fine forceps. In inoculating, 
the point is passed under the skin to such a distance as to cover the 
vrhole.of the bevelled part in the same manner a^ in hypodermic 
injection, and the material pushed out with the rod. In this way (he 
insertion is accomplished with the utmost certainty, and with tlie least 
possible injury to the subculnneous cellular tissue. 

Xo. 8. Killed 69 days after inoculation. There was suppuration in 
the course of the wound, enlargement and softening of the subcutaneous 
lymphatic glands, and advanced disease of the spleen, liver, and lungs. 

No. 9. Died 78 days after inoculation. The morbid appearnuces were 
eimilur to the last. 

Obs. IV., May 14th. — Two guineo pigs were inoculated willi cjweoua 1b«n 
material from the lung of the patient whose sputum was cmi'toycd in v ' 
Obe. III., who died two days previously. 
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No. 10. Died 45 days after tnooulation. 

iDocuIation, in tlie spleen, liver, and lungs. 

No. 1 1, Killed Go diiys after inoo illation, 
were of the same nature, but the lesiona t'oiuid 
were more advanfed. 
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Obs. v., Mny 28th. — Two guinea-pigs were inoculated, one (No. 18) 

'■ with miliory tubercle from tho lung, tha othei- (No. 13) with tniliatj 

material from granulations from the peritoneum of » patient who died of acHte 
thelungaofibtf tubertulo?ifl in Middlesex Hospital, under the cai-e of Di. OoodiHlow. 
patient. The morbid appearances were as follows - — Both pleuree wore etudded 
v. with minute semi- transparent giiinuUtionfi, the right being parCianj 
of adherent. Grey miliorj- graniUalions were disseminated abDndsntly 
throughout both lungg, eepcciaUj' the lefl, but no deposiU of old tubereU 
could he discovered. The under surface of llie diaphroj^m and the (ennu 
coverings of the lirer and spleen were dotted with g ran ulai ions, those OB 
the liver having membranous shreds attached to them. The liver at^ 
stance appeai'ed normal to tho naked ej'e, but on microwopic examtna- 
tion "numerous minute aggregations of nuclei, having alt Mie characters 
of tubercle," (Dr. Cayley), were found to be disseminated through it. 
Several opaque yellow uodules exialed in the kidueys, the uxe of whicit 
varied from that of a millet aeed to that of a hemp seed. There wese 
Hmall tubercular ulcers in the ileum, pai'ticularly in Feyer*s ptitehes, and 
tho corresponding mesenteric glunik were enlarged. The pia mater wM 
iiijeeted and Eedematous, and gi^y granulations were observed i 
sylvian fissures. No other morbid appearances were delected. 

No. 12. Died 31 days after inoculation. There was disease of tbe I 
spleen, lungs, and liver. The lymphatic glands wei'e also diseased, but J 
the state of tho wound was not noted, 

No. 13. Died 45 days after inoculation. There was suppnraUon ii 
course of the wound, with enlargement and softenitig of the lymphs 
glauda ; the internal oi^ons exhibited tho usual appearances. 

>1»eryfltion Obs. VI., May 28th. — Three small guinea-pigs were inoculated vith 

VL Inucula- infiltrated tubercle (cawous pneumonia) from the right lung of a female 
caseous prttienl, aged 22. who died in Brompton Hospital tho day before, under 
^^""Jl the care of Dr. Pollock. The condition of the diseased organa was aa 
affected t'oHowB I — There were firm adhesions of the right pleura towa^ the a^ax, 
ritfa phihisii. the rest of tho pleural cavity containing coagulated blood, the origin of 
which was not ascertained. The right lung, with the ezcepiitm oi the 
posterior part of the lower lobe was densely infiltrated with solid tuberOH 
louB material. Near the apex there was b small cavity containing grmnooa 
fiuld. The letl pleura, which wait slightly adhci-eut, and the leA Iimg 
was free from tubercle excepting at its apex, where there were ik&w^ 
small masses of consolidation. The other organs were healthy. 
No. 14. Died 44 days attcr inoculation. 
No. 15. Killed 54 days after inoculation. 
No. 16. Killed 54 days alXer inoculation. 
In all these animals the lymphatic glands, spleen, lungs, i 
.__ 1- J In No, 16 there were also nodular depos' 



the kidneys. The inoculation wounds and tho t 
taneouB cellular tissue exhibited the usual appearances. 



ounding subeft'-l 



tfntion Ob8. VII., May 28th. — A guinea-pig was inoculated with materiald 

^oeti- fi-ofn marginal infiltration suiTounding an intestinal ulcer in 

Jlji^ patient, aged 43, who died tho day before in Bronipton Uospital, n 

role of ^^'^ '■"re of Dr. Alison. The condition of the organs was as follOTni S' 
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The upper two-thirds of the left luDg were infiltrated with grey deposit^ Amamtr. 

the lower third containing air. The right pleura was firmlv adherent, - — 

and the right lung was scatteied with tuberculous masses, lliere were n^A^ 

numerous ulcers of irregular form with thickened margins in the caecum Ommmmkm 

and ascendmg colon ; rounded ulcers of similar character were met with bUity^ 

at intervals towards the lower end of the ileum, some of which were as Tmb ark^ 

large as a florin. The oiher organs presented no lesions of importance. f»ocmiatkm^ I 

No. 17. Killed 54 days after inoculation. The pathological appear- * 

ances observed at the seat of inoculation, in the lymphatic glands, and laactim 

in the internal organs were of the same kind as in the other experi- nembrane of 

ments. 



Obs. VIII., May 31st. — Three guinea-pigs were inoculated with ul 
miliary tubercle from the lung of a female patient, aged 27, who died at VUL Inoei 
the Brompton Hospital three days previously, under the care of Dr. ^!j?" ^^ 
Pollock, of acute tuberculosis complicatetl with cerebral s^-mptoms. Both ^bciSeof Ibb 
lungs were scattered with miliary nodules of grey semi-transparent mate- 
rial ; the pleura was in some parts natural, in others more or less opaque as 
if infiltrated with opalescent deposit, while in others it was studded with 
numerous granulations, some of which were exceedingly minute, others 
as large as hemp seeds. These on microscopic examination were found 
to consist of nuclei of various forms and sizes, which appeared to be 
grouped in greatest abundance in the neighbourhood of minute arteries. 
The pia mater exhibited no appearances of disease which could be re- 
cognised by the naked eye, but on microscopic examination it was found 
that there was multiplication of nuclei in the sheaths of the capiUaiy 
arteries. 

No. 18. Died 98 days after inoculation. 
No. 19. Died 28 days after inoculation. 
No. 20. Died 56 days after inoculation. 

In each case the lymphatic glands^ liver, and spleen were diseased ; 
the lungs were dlsoued in No. 18, but were ftee from disease in 
Nos. 19 and 20. 

Obs. IX. June 10th. — ^Two guinea-pigs were inoculated from tuber- Obtenration ^ 
culous deposit in the great omentum of a patient who died in Brompton '^ Inoeiilati< 
Hospital, under the care of Dr. Alison. In this case the most important [* v~^y 
post-mortem appearances were as follows : — Both plcunc were firmly -^.^^ omentm 
adherent; grey, elevated miliary granulations were disseminated 
throughout the whole of both lungs. The bronchial tubes were dilated 
and the bronchial mucous membrane thickened and injected. The 
bronchial glands were enlarged and indurated. The heart was firmly 
adherent to the pericardium, the aortic valve atheromatous and in- 
competent. The peritoneal cavity contained about two pints of greenish 
fluid. The mesentery was scattered with grey granulations. The 
omentum was thickened and indurated, and foimcd a hard mass, which 
during life had been felt through the abdominal walL The spleen was 
enormously enlarged and hypcnemic, and contained masses of cheesy 
deposit. In the cortical substance of the kidney there were also several 
nodules of cheesy material. The mesenteric glands were much enlarged 
and indurated. 

No. 21. Died 108 days after inoculation. 

No. 22. Died 93 days after inoculation. With the exception that 
the morbid processes were more advanced in all the organs, the appear- 
ances conresponded with those previously observed. 
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1. Appearances observed in the wound produced by w 
in the surrounding subcutaneous areolar tissue. 

In the aniraalii first dissected my atteDtioa was not drawn lo the ira- , 
porUtnce trt' these appearances, ao that llie follijwing statement is bued 
on the dissection of nino animals onlj, viz., Nos. 3, 8, 11, 15, 16, 17, 
18, 20, and 21, The morbid alterations observed consisted in (1) 
induration and thickening of the subcul.aneiius connective tissue ; (3) 
formation of pns in the track of the wound ; (3) formation of seconda^ 
subcotaneous abscesses in its neighborhood ; and (4) formation of baticU 
of induration, analogous to farcj cords, between one abscesB and oA^ in 
its neighbourhood. In each of the nine animals referred to there ms 
evidence that suppuration had taken place iu the track of the wound ; 
in all excepting one (No. 3) an tibscess actually existed at the time of 
the dissection ; in the exceptional case there was an open wound from 
which pus had escaped. The indmutiou varied in extent ; it was usually 
considerable, forming a hard ridge by whidi the course of the inoculating 
insbiunent could be traced before the skin was removed. In five of the 
animals numerous abscesses weic found in the neighbourhood of the 
wound. In the four remaining, although there were no abpcesaea, there J 
was much tlilckening and condensation of the suhcutaneons tissnetlfl 
which often proceeded lo a conEidciable distance from the seat of th»l 
inoculation. 1 

Microscopical dissection. — The pus found in the primary traumolic 
abscess, as well as that which occupied the secondary abscesses in its 
'^ ncighbom'hood varied in chai-acter according to the time that the abscess 
had existed ; it never possessed either ihu fluidity or the characteriulic . 
yellow colour of nonual human pus, its consistence varying from that of J 
cream to that of crcimi cheese, which it abo resembled in colour. Underfl 
the microscope it exhibited the following elements : — ^ 

In recently formed atwcesaes the majority of the corpuscles presented 
characters which do not appear to me to he distinguishable from thoae of 
normal human pus. These coi-puseles mciisui-ed from j^fju to ,^^ of an 
inch in diameter, and exhibited when treated wiih veiy dilute acetic acid 
from two to four highly refractive granules, forming a central nacleua. 1 
Along with these were always observed other corpuscles 
uniformly spheroidal form, which ivsembled conglomerates, and usunlirJ 
contained a greater or less number of fat granules. These wei 
much larger than the ordinary pus corpuscles, their diameter bein 
from -j-j'a^ to jrjjj of an inch. In the older absceasea, that is those if 
which the pus had become cheesy, a marked difference was oltserved ii 
the characler of the coi pusclea, and particularly in their conduct whi 
acted up>on by weak acetic acid. This reagent was found to have lost ilj| 
power of resolving the corpuscles into a bifid, trifid, or quadrifid noden 
enclosed in a tone of transparent substance ; in short, the coqmscle fi 
comparaiiveiy litilo altered by the acid, and retained a dislinctl;^'^ 
globular form. The larger glomeruli were found in much greater numbon ' 
in the caeeous than in the creamy abscesses, and in some iiul 
appeared to be the only corpuscular elements. (Plate I., fig. 7.) 

Tlio structural character of the connective tissue indurations was 
observed (I) in the cords of induration, connecting one abscess with 
anotlier, and (2) in the walls of the abscesses. The cords were found 
to consist of a dense fibrillated stroma, in which the direction of 
fibrillation was parallel lo the axis of the cord. This stroma wm ao(~ 
in the sLghtcst degree wavy, and when fine sections of it were i 
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in the direction of ilbriljation it was found to be stuilduJ with innume- ArrBW 
rable etaff-shaped Ducki, all of which u^unieil the tame direction iis 
that of the fibrillation. On the moat careful cx&mliiatioD of trAnsvcr^i; 
sections no trace could be discovered of any vessels larger than ^^ 
of Bn inch, eo that it appeal's to me impossible to regard thu^u 
cords as thickened lymphatics. It was further noticed that around (ho 
capillary arteries there wore accumulations of nuclei which differed ^ _ 
from the ordinary statf-sbapcd nuclei of the tissue in being fusiform or *"' '""''^ 
spbcroidoL In addition to this there were nests of corpuscles which 
could not be distingoishcd from the pus corpuscles of the neighbouring 
abscesses. Is it possible that these were pus corpuscles in the act 
of raigralion, and that the growth of connective tissue which constitutes 
the cord ia the mult of the irritation produced by them in their 
paSBOge? 

In making sections of walls of absccescs it was found that thtsy 
always presented the same structure, viz., that they invariably consisted 
of condensed connective tissue, having the same character as that which 
forms the cords of induration. This tissue was continuous, externally, 
with the normal subcutaneous tissue. Internally, the abscess wall 
was lined by a layer of pulpy substance. This material (so called pyo- 
genic membrane) was found, when examined separately, to conjgist of 
spheroidal cells* embedded iu the meshes of a reticulated transparent 
stroma ; when examined in sections made perpendicularly to the abscess 
wall it could be satisfactorily made out that this stroma was continuous 
with that of the dense fibrillaled connective tissue on wtiich the 
pyogenic membrane rested. (Plate I., fig. 4.) Appearances seemed 
also to justify the conclusion that the crowded, round, corpuscles of tlie 
pyogenic pulp, were homologous with the stntF-shaped nuclei of the 
denser layers which suiTound it, but I was not able to satisfy myaulf of 
the existence of transitional forma. Well chnraeteriied capillaiy blood 
vessels were seen in the fibrillated layer, and channels containing blood 
corpuscles could be distinguished at all events up to the e<lgo of the' 
pyogenic pulp. In the areolar tisBue, and among the muscular fibres of 
the panniculus near the alwcesses, nests of spheroidal or spindle -shaped 
corpuscles were eveiywhere met with. 



2. Appi 



obterted lit the Subeutaneoni Lymphatic (Hands, 



In nU the animals the subcutaneous lymphatic glands were mi 
less diseased, the cbangcs consisting in enlargement (hyperplasia), induru- iadumtion, 
lion, and caseous degeneration ; this lost resulting either in softening or ^''™''' 
in the formation of cretaceous concretions. In every instance those softening, u'd 
glands were most affected which were in the neighbourhood of the suppuration of 
inoculation wound. As therefore the inEcrtlon was usually made in ihc su1)cuta- 
the ehoutder, the axillary glands, as might bo readily anticipated, wore ni'o'w , 
the principal seat of disease. So constantly indeed was this the case, 'y™^"'*'* | 
that it could always be discovered whether on oniuial was diseased or 
not by pressing the finger in the axilla. In the healthy guinea-pig two 
glands can be distinguished in the axillary region as being much larger 
than the rest ; one lies close to the axiUary artery, whei'e it crosses 
the shoulder joint ; the other is situated near the poatcrior edge 
of tht scapula in the angle beHveen the tricepa muscle and the teres 
msxJmns. The latter, which in the guinea-pig ia more frequently diseased 

Ji impi; a belief that the ol^eeli 
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than an^ other, will be hereafW referred to aa the Bcapular gland. 
The other Bubeutaneous glands which are apt to be affecied arc thoso 
whicb He on either side of the trachea (tracheal glands), and those near 
the Eub-maxillAry salivnry glands (gub-maxillarf glands). 'I'hc iogoisal 
glands are also occasionally diseased. 

The enlargement of the glands was enormoua. In the greater onmber 
imals the scapular gland had attained 40 or 50 ttmea its nomud 
weight, and five or six limea its natural length. Enlargement wu 
never obnerved -without other changes. The hjpertrophied glnads 
always exhibited in section, patches of white or yellowieb opaejty of thft 
cortical aubstance. indicating the commeac^ment of cnaeons degsnera- 
tion. The condition of the glands, as of the subcutaneous areolar tissae, 
was carefully investigatwi in nine animals only. In three of these, Noa, 
16, 17, and 20, there was hypertrophy, with induration and cheeajr 
degeneration. In the six remaining animals the scapular gland on the 
same side aa the inoculation wonnd was converted into on absceaa con- 
taining ci'eamy or cheeey pus, and in one of those animals. No. 21, the 
tracheal glands of the same side were in a similar condition. It was 
further observed, with reference to these nine guinea-pigs, that the three 
coses in which there was no suppuration of the glands, were proctselj 
those in which there were no abscesses under the skin in the neigbonr- 
hood of the inoculation wound, so that there was reason to regiu^ the 
softening of the lymphatic glands as dependent upon the same cunditJaQB 
aa the dissemination of purulent foci in the subcutaneous tissue.* Tha 
structural characters of the lymphatic glands were not inrestigated 
microscopically, my attention having been directed principally lo ifie 
internal lesions. 



3. Appearances observed in the Lungs, 

' Of the 21 guinen-pigs successfully inoculated the lungs were found 
, free fi'Om disease in thi'ee only. In the rest the lesions observed counted 
in the formaljun of nodules of grey indurotion, which were dissemiuated 
in 14 of the cases, partly disseminated, partly confluent in tlio rest. 
These changes wci-e in two aniuiuls associated with adhesive pleuriqr, 
viz., in Nos. 10 and 21. 

In the healthy guinea-pig the lungs weigh about foui' grammes, that ia 
about one-hundredth pait of the weight of the body. When atterod by 
adenoid deposits they often weigh as much a? 15 grammes. Id thow 
cases in which the nodules are small and much disseminated the weight 
scarcely exceeds the normal. The increase of weight due to the aaw 
growth was most considerable in those in which the duration of life ftfW 
inoculation was greatest ; thus, in three animals which, when disaocted, 
had been inoculated respectively 93, 98, and 108 days, the weights were 
severally 2 '2 per cent,, 3 "7 per cent., and 4'9 percent, of the weights cf 
their bodies. 

As hns been stated, the new growth either assumed tlie form of diaBcmi'v 
nated nodules or pervaded the tissue of the lung to such an extent tlut 
considerable portions of the organ were consolidated. There was. bow. 
over, evidently no essential difference between the two forms of Ibsoii, 
for in those cases in which the induration was continuous in some pans, 
it was constantly observed that there were disseminated nodules io othen, 
and that the material of which the nodulea were composed was idenlicHl 
in all its characters with that which formed the larger masses. We 
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proceed to deocribe the nodular, which 
ibrm oftlie ulteratioD. 

The noJules, when exnmined with thp nJikcd eye or with n lens, pre- 
sent {rreftt Hnilbrmily of appenrancc. They ure alwtvys Touiid in ntuch 
groaler nomhers under the pleura thnn in the parent'liymn of the lung. 
The unb pleural surface ol' each nodule in slightly convex, m (hat it 
projects more or less above the general surfiwe of the pleura, cxhibiling 
itself OK an iron-^y patch, which contrasts strongly witli tfie piiik 
white hue of the healthy lung tissue which suiTountls it. When (he p, 
nodules are Email the whole eub-plcural BurfBco is convex, but In the nc 
lai^er nodales the centre of the patch ia »)incwhnt depressed, so that 
the margin forms an irregular annular prominence. On cutting through 
a nodule at right angles lo the pleural surface it often appears to 
form » blunt cone, of which that surface is the base. The colour of T 
the nodules is BOmetimes pale grey, but much more frequently it is steel '« 
grey or slate coloured, especially towards its margin i and on section it " 
exhibits a similar colour. Thefmnllernoduleshave the semi-transparent 
appearance which is recognized as a characteristic of miliary tubercle. 
In the larger ones the translucency is confined to ihe estcmul pari?, the 
centre being opaque, and of softer consiBtence ihiin the resl. There 
are, as may readily be understood, great differences ag regai-ds Bire, In T 
two of the animals they were all no larger than pin-heads, while in olhera 
the diameters -varied from one-fiftieth to one-tenth of an inch. From 
their form and structural relations it is evident that they are inleiiilitial 
now growths which do not displace the lung tissue, but are incorporated T 
with itand form part of it. In order to saiisfy one'«self of this fact, all rt 
that is necessary ie to examine those nodules which happen to lie near the 
sharp margins of the organ. It is then readily seen that the form which 
each nodule assames is not its own, but that of the org;an in which it 
grows, and that the space it occupies is often not greater than that whicli 
would have been occupied by the corresponding portion of lung in the 
natural state.- 

In most cases (he nodules are very equally dispcreed through the 7 
affected organs ; excepiions occur in which one lobe is found lo be t' 
more abundantly infiltrated with new nutieriul than tlie re«t, but these 
appear to bo accidental, all parts of the orgun being apparently cfjually 
liable to become the seat of consolidation. In one of the animals 1 
counted 63 separate sub-pleural nodules, which were disseminated with 
equal frequency over the whole of the surface of bodi lungs, while as 
regards severul others it ia noted that they were too numerous to be 
counted. Although, aa has been already sttited, the greater number an 
superficial, tliere arc many which occupy cetilral positions, and these, CO 
faj' as I have been able lo ascertain, are invariably found in the neigh* 
bourhood of bronchi. It was never obscneil that the de]i06ite "n-erC 
surrounded by a rone of inflammation. Occuwonatly the lung tissue 
around their margins was slightly injected, but thi^ appearance wM 
neither constant t,or definite ; the adjoining lung (issue wa;? in general 
perfectly healthy in structure and appearance. It haaalready been stated 
that, in those cases in which the whole of a lobe was converted into a C 
masa of new deposit, the appearance and consistence of the niaierial were a 
evidently Che same as of that which constituted the nodules, for often, as 
in No. 21, it eonid be distinctly seen that what resembled infiltration was 
produced by the mere grouping together of smaller masses ; it must at 
the atune time he admitted tliat the difference between the confluent and 
disseminati'd formu of lesJou wos not entirely one of degree, for some- 
times it was noticed that the whole of one of the lobes was consolidated, 
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as in No. 14, allhougb in other parts of the lang the amount of n 
material was iticonsidurabio. 

In oveiycasB in which the nodules hnd attained a considerable s 
their ceDtres wei'e found to be sollened. lu one animal, No. 8, ( 
Bofteniug hud pi-oceeded to such a degree that some of the n 
convei'ted into vomleic containing creamy fluid. 
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of the morbid growths above described it was foaad that 
very little progress could be made unless the parts to be examined were 
first hardened by steeping them for several weeks In a solution con; 
taining one-quiu-ter per cent, of chromic acid. The anatomical statemci 
contained in the following paragraphs are founded entirely on 
ejtnminatton of sections ot diseased lungb prepared lu this way. 
Himiteaiutoiny The disease always originates in the form of minute granulation^ 
«f Dodulnr of ivhich, BO far as I have been able to ascertain, is situated around, or 

ill the immediate neighlwurhood of a minnte bronchiole, usually a 
bi-onchiole of three or four thousandths of an inch iu diameter. One of 
these granulations is represented in the margin as seen with a Io«j 
power. Un more minute examination it is found to consist in 

if adenoid tissue, that is tissue resembling the palp' 
cortical substance of a lymphatic gland j in other words, it is Ci 
of nuclei, most of which appear lo be free, although many of Uiem are 
enclosed iu "celb" little larger than themselves. These etcmenla are 
embedded in a spongO'like stroma of extreme delicacy, iu which no 
fibres or vascular channels con be distinguished. (Plate I. fig. 5.) 

The mode of origin of this tissue can only be judged of after ila 
relation to the original structures of the lung has been determinod. 
According t« the best anatomists the walls of the pulmonary air cells 
(t.e. the pulmonary parenchyma) consists of an homogeneous trnnaparent 
snbstance supported by a framework of elastic fibres, which in its turn 
es to support the delicate epithelium of the air cells, while it includes 
the capillary network. (See plate I., fig, 3.) The examination of diseaaed 
lungs ill the earliest stage of alteration seems to show that this homo- 
geneous trauspareut aubslanc« which constitutes, so to G|>euk, the im 
stitial sti-oma by which the other structnri 
elements of the lung tissue (elastic trabecul 
capillaries, epithelium,) are combiuedandbt 
together, so as to form the delicate vesicnlar 
parenchyma of the healthy lung, is itself the 
matrix in which the new growth originnlo. 
Howthis transparent material is converted ii '" 
adenoidtissue is a question not yet detenniai 
all that can be seen is that it becomes locnlal 
and that each vesicle conlaic 
I'ouud bodies, which we designate as nnclf 
At first the new growth is confined to 
immediate neighbourhood of the bronohit 
from which it extends to the walla of 
adjoining air cells; here it gives riaa to A 
ig of ihc alveolar membrane, and consequent rednetioB 
ul consolidation of the affected part, 

* This pii1p coQBisti of masaes or desis of cells, idenlicul in ihcir character witb 
IbOM described in ihe text, ubich are held togi^ther by a delicMe networic of 
traneparent material, ithercio cBpillary blood cliiuineU are contained, and fitatM of 
extreme lenoity can be delected. — See Kdlliker. Handbnch der Oeweb 
Measchen, 1867. P, 474. 
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he process gone on, the hronchiolos leadiug into the allected air Appkhdix; 
probably becomo more or Ieiss ohetracted, but do not undergo any 
apprcoinble change of structnre, for in bronchial tubes which are sur- 
rounded on all sides by adenoid growth (see Plate I., fig. 5.) it may 
happen that there is no alteration either in the epilhelium or in the biUtnof 
tube wall ; there is rot the alightest sign of any inflammatoTy process TuhrKltt^ 
~ieting the bronchial mncous membrane. Eventually the diseased Inocalation, 
part becomes completely consolidated. This is brought about partly '^ '"'' 
fey the interstitial growth of cells in the substance of the alveolar Accnmnladotf 
■walla, partly by the occumolation of epithelium in the alvoolar cavity." of epitbelli 
Whether by compression of the ultimate bronchus, or for other reasons, in the aire 
the epithelium collects in the vesicles, already reduced in size by the caritiei, 
pai-iettvl thickening, so aa to fill them up. In this way, as represented 
in the engraving (see Plate I., fig. 6), thedisensed liiHue is converted into 
a compact mass of relhi, which to the unpractised or careless observer 
seem to have no special arrangement, and to be all of llic same kind ; if, 
however, they are more critically eiamined it is soon seen that there are 
two kinds of ceJluIar elements, those of the one kind being at least twice 
me la:^ as the other, and that the larger cells are gronped together in nests. 
These nests correspond to the cavities of alveoli, and are in fact climips 
of alveolar epithelium. They are distinguishable from the others not 
Inerely by their size and well defined outline, but by the fact that most of 
Ihem contiun minnle black pigment granules, which occupy their peri- 
nnclear spaces in conciileroble numbers. In comparing them with the 
alveolar epithclinm of healthy lung it is easy to satisfy one's self that their 
characters are in the main onaltered. 

The next stage in the morbid process consists in the fatly degeneration Fatty 
cf the wltolo mass. It is this diaintcgralive change which gives rise to iJegenoratint 
the appearance of white or yellowish opacity always obseived in tlie ""* ""'"''**■ 
centres of the larger nodules. Both the epilheliid cells and the poi'iclnl 
new tissue alike participate in^ it. The nuclei of the latter break up 
into smalleT corpuscles of irr^ulnr foiin, while fut granules appear in 
great numbers round the nuclei of the epithelial cells, so that the whole is 
eventually converted into a granular detritus, in which the only well 
characterised forms am largo cells so loaded with fat gi-anules as to 
resemble conglomerates. 

If the cliangca referred lo in the preceding observations have been Nature of tlia 
correctly described they tend to show Ihal, na regards the lungs, the ■n"'*''* P"" 
efifect of tuberculous inocnlalion is to give rise to the growth of new 
adenoid tissue in the inteietitial substance which surrounds the smallest 
bronchioles and constitutes the alveolar walls, and that the change is 
neither inflammatory in ititelf nor accompanied by inflammation of the 
adjoining parts. The clastic fibrous fi-atnowork of the limg seems to bo 
entiitly exempt from alteration, for the trabecule may be seen omiwddod 
in the now growth in a perfectly natural condition. The adventitin 
surrounding the arteries is also entiiely unaltered, for the arteries are 
oilen lo be seen in the veiy midst of consolidation, but separated from it 
distinct layer of unaltered connective tissue ; so that it cannot for a 
r he ailmilted that the change oiiginatea from the arterial shcatha. 

LC nodular form and disseminated chai'acter of the growths sccuis to me 

be partly accounted for by their i-ctation to the lerniiiiul bionehioles, 
it may be readily understood that a growth taking il« start from a 

' The B«cama!allon of epilhelium (or nhateser these Inrger corpiiscUa mij be 
ailed) Id ilTecilar caritiei n only to be noticed bI the mai'ginul paru ulcach lubercle, 
T puts haviag no (uch corpascles. 
20571. I 




bionchiole ftnd exUtndiDg periplierally would V>e likely to aaeume U 
coiiicnl foiTO of llial part of the lung to which the bixincUiolc leads. 



4, Appeanzncet obterved in the Liver. 
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TuiercU by The liver, which in the hcnlthy guinea-pig conalitutca fcom a twenty- 
Inmmlatioii, hy fifth lo a twentieth of the weight of tlie auimal, often atiniud a weight 
"' "J j^^ pj. iijcpg times aji great under the infiueoce of the tuberouloua infec- 

tion. In one of ihe animHla (No. 22) the organ weighed 46 granimci, 
that 18 nine per cent, of iia weight. The greatest relative weight it»» 
12 jier cent., in guinea-pig No, 16 The mean relative weight of iWl 
organ in 10 animals, in all of which the liver was markedlv diaeaaed, w" 
7-8 per cent. 

Two kinds of lesion were noticed ; the moat obvious, and to Ih j 
naked-eye observer the most common, consists i 
certain abruptly defined portions of the hepatic tisane into a white 
opaque miLlcrinJ. These isolated masses were mot with in varioiu partft*^ 
of the organ, and varied almost iudefinitely in size and form. In the 
advanced stages it sometimes happened that they wore so large tliat a 
siogle mass fully occupied one of the three principal lobe^ into whidi 
the organ is divided ; but more frequently they did not exceed a quarter 
of an inch in diameter. In form they are not altogether unlike th«, J 
nodules of the Inng. Some are completely concealed, but by far Lh«yd 
greater number lie immediatiily under the capsule. Like the puliaDuaij^ 1 1 
nodules, they do not change tlie form of the organ in which they oxis^ \ 
for Ihey are thoroughly incorporated with its tissue. In most of the 
animals they were found in greatest numbers in the neigh twurhood of 
the sharp margin, and were less numerous in the middle or right lobe 
than in the left, to which it indeed several timea happened that they 
were exclusively confined. 

These opoque masses, which I shall hereafter call islands, have 
several peculiarities obvious to the naked eye, which render it easy to 
distinguish them fivm all other diaseminatetl deposits. When email 
tliey are of a dead white colour, and a firmer consistence than that of 
the organ itself of which they form part. As they enlarge, the colour 
changes fram white to yellow, and the consistence diminishes, both 
alterations beginning from the centre ; so that in all large islands there 
is a kerne! of soft bile-stained pulp, and a cortex of firm materiaL 
Along with the softening there is diminution of bulk, for in the super- 
ficial islands the surface becomes so concave that the capsular membrane 
seems as if stretched over a cavity, hollowed out of the mass. It U 
further to be noticed that the margin of each island is commonly suT^ i 
rounded by a bright edging of hypertemia, euch as one sees in the ] 
human subject around splenic infarcts. 

The above alteration is probably consequent on another less obviom 
change in surrounding partri of the liver. Both are in fact mani- 
festations of the same process, in the development of which, the 
hjsion now to be described stands first. The healthy liver <rf the 
guinea-pig is of an even red colour, resembling that of uascidu' 
fibre, but somewhat deeper. The elevations of suifaco which com- 
spend to the acini can he made out on its eicterna] surface wlien the 
organ is so placed as to reflect n pencil of light to tho eye, 1 
there is no perceptible difference of colour between the lobulw a 
the interlobular spaces. As soon, however, as the orj 
diseased its size increases while itti colour becomes paler 
attentive examination tho paleness is seen to be very unequally i 
Irihuted, occurring here and there in patches of grey mollliog, esp* ' 
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in the Deiglibourhooil of the isltt&di), if taxy exist. Ou m&king Bwlinne 
or eucb » lifer tbe luollling is eveu more nppureut than on the natural 
surface. The grey parls oliviously differ in iip|>eajtince frou the ialnnda ; 
vhile the islanda are Srlisolulel; opaque the mottling id eemi-lraDaimreat. 
Ttt the pructised eje the one eonTcya the idea of a. living g;roiving tJHsue, 
vliile tbe other suggests ta.Uy degeneration or necroets. 

As tbe proeeBS wivaneeB, two imporlfiut iharacterti inanireac themselvea, 
yii-at, tbe oTgun changLS ite form. This cLoiigc is of eucli a kind »» lo 
rcmiud one of tbe hobnail or cirrhotte 
liver of human pathological anatomy, n 
resemblance which, however, id only 
partial. Each Wbe is seen [o be divided 
by deep furrows extending in variouii 
directions oeross its under eurface, into 
prominent nodositice, the general form 
and character of whidk may be judged 
uf by tbe accumpanying sketch. The 
eecund cun^intH in the extension uf the 
mottled appearance to the whole of the 
diseased and enlarged organ. When 
this has taken place it becomes possible, 
even with the naked eye, to satisfy 
one's self that the pale parte are iatertobular, and tliat the less altered 
points correspond to acini. 

ilicrotcopical D'uaection. — Tbe microscopical examination of the U 
liver in disease is beact with difGcultles. My study of [he changes st 
ftbove described is as yet ineomplete. It is, however, sufficient to enable 
mc to draw some important conclusions as to tbe relations with ihe 
Other lesions observed. 

Tbe islands contain scarcely any elements foreign to tbe structure of ihe o' 
liver. Each consists in its nnsofiened stale of a certain number of acini in 
an ansemic condition. The softening ie a process of retrogressive change. 
The tissue loses its vitalitv appai'ently from want of blood. The gland 
cells eventually undergo &tty degeneration, and become disintegrated ; 
'but, evidently, this is not the beginning of the change, for in islands of 
recent growth and inconsiderable cxIentthecellHarein a natural condition. 

Tlie grey inlerlobubir depoait consists of ndeiioid tissue. To invcsti- of 
gale it, it ia absolutely necessary to harden the organ in solution of 1" 
chromic acid. A g<x>d general view of the distribution and aiTangc- 
naent of the new growth may be obtained by making a large and 
moderately thin section through the whole of a diseased lobe, so as to 
cut across the channels in which the duct and vessels are contained, and 
examining it iu glycerine with a low power. It is then teen tliat the new 
'material forms masses which are so arranged in relation to the bile ducts 
that each seems to be surrounded by a zone of transparency. In pursuing 
the investjgaliou with a higher power it is not difficult to satisfy one's 
self, eveu in fresh sectiona, that this arrangement is not confined to the 
larger ducts, but extends to thuse smaller ramifications which are 
designated ductus inlcrlobularct — ducts scarcely exceeding y^^pf of an 
inch in diameter, the cellulnr lining of which assumes transitional forms 
intermediate between epithelium and hver cells. In fine sections of 
hardened liver the following facts can be made out : — 

The grey semi-transparent material consists of adenoid tissue, that is, 
of a delicate sponge of transparent connective subslance, in the cavities 
vf which minute cells or nuclet are lodged.* Tbe dianieters of these 

■ See Ulnate Aaatoin; of pnlnoiiary 1« 
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cavities Bre seen on aection to be about xAir "^^ *" incli. They commu- 
nicate with each other io all dii-ection^, being bounded by membranoua 
Bepta. The nuclei have a mean diameter of about ^^^ of an inelt. 
They are uniformly Eipheroidol, retaining their rounded contour even 
after the addition of dilute acetic acid. They are so linuly kept 
together by the connective substance that it is difficult to esnmine them 
apart. So far ns can be aacertnined moat of them Reem lo be axa- ■ 
rounded by a cell wallj others by irregular masses of transparent 
material, which may be probably regarded rather as bits of interstitial 
substance than as vesicular membranes, while others again seem to be 
the centres of stellate or caudate fibre oorpuacles. (Plate I. fig. I.) 
Tlic relation between the mlcnoid tissue and the ducts and vesaeb 
i-escrableH that which is seen in the lung. In every section of an inter- 
lobular grey mass one or more bile ducts can be seen lined with 
characteristic epithelium, and closely surrounded by masses of adenoid 
tiesne. As was observed with reference to the bronchial tubes, so in 
the liver, the epithelinm of the bile duct is entirely unchanged. The 
rolatiou of the new tissue to the hepatic ai'teries is similar. The 
arteries are embedded in it, but are not themselves altered, nor do I Bee 
any ground for the belief ihat the disease commences in iheir sheaths. 

The relation between the interstitial new growth and the islands is 
not so clear as could be wished. The absolute whiteness of the blnndi 
in their early state seems to indicate that they are entirely cut off from 
the cu'culation. It cannot be supposed that this is due mei'elv to the 
obstruction of the hepatic arteries by the development of adencnd tissue 
around them, for in several instances I have mot with livers in winch 
no islands esisted, notwithstanding that the new growth evidently 
constituted the greater part of the bulk of the organ. The only 
explanation that suggests itself lo me is that in those acini which are 
surrounded by new growth, the intralobular circidation is so compressed 
as to render them antcmic; for it is not difiicult to understand that in a 
portion of liver which is the seat of adenoid degeneration such lobules 
as remain in a comparatively unaltered condition will be likely to become 
aniemic. However this may be, it is evident that an island once formed 
is as much out of the circulation Be an emboliu infarct in the spleen 
or kidney, which it resembles In being bordered by a ring of I'enous 
congestion. 

5. Appearancet observed in the Spleen. 

The morbid appearanc-es observed in the spleen as examined with the 
naked eye are of the following nature. 'I'he organ msy be enlarged 
without appreciable change of structure, or may at the same timeeshibit 
on section disseminated miliary grains which appear to bo molnighian 
corpuscles. More frequently there is evidence of new growth iu the 
form of rounded jimjections of its external surface, the palo whitish 
gi-ey colour of which contraBts strongly with the natural reduess of the 
organ. These nodular prominences vary both in size and Hrrangement. 

In its natural state the spleen of a guinea-pig is about half an iiidi 
long, and weighs from half a gramme to a gramme, that is, about oa»- 
thousandth of the weight of the body. In inoculated animals its eair 
and weight are enoi-mously increased. Thus in ten cases of well-maricod 
disease the average weight wa.i found to be I'l per cent,, that is nicrs 
than ten times its weight in health. The heaviest spleen obMrved 
■weighed 9J grammes, that is 27 times its natural weight, AsM'Caee 
weighed 8 grammes, and measured more than two iuches iu length. 
The organ was enlarged with or ivitlout structural alteration iu 20 out 
of the 21 animals. In the exceptional case its weight was normal. As, 
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howeTer. the animal dieil in my nbwnce, ainl was nol cxntniniMl by 
myself, I cannot stale poeilively that it w.i» not diacnwd. 

In nine of the 21 iiifocte<l animals there w&s Eiiinplc cnlnr^rm<^nt 
wilhoat appreciable change of structure. lu two of tliew no griuialMio 
could l>e diatinguishctl, the secfionnl stirfuees njijieiiring homogctiooiia. 
In the rest they were obvious, but their siip scnrcely eqnalUit that nf n 
millet peed. By microscopieal exnmination I was unable to di-tt!ct any ha 
ptTwcturol peculiarity. Of five of these enlarged imt olJierwise bcnUhy ^- ^"^ 

spleens the respective weights were 3'1 grammes, Sfl, G*8, 8-3, and 9*5 

grammes. The other two were not weighed, but one of ihem meatmred 
nearly two inches and » hulf in length. 

In nine aninmle iho esl^mal eiirface of the splceu was be»et with A«i«^ 
miliary nodules, wLieh projocled considerably, and on making sections mUiaiyB* 
it was foand that similar rounded masses were acaltered tliroughoat tb© 
organ. These nodules possess a very firm consistence, and Lave the 
characteristic Ecrai- translucent Bpj>caranc« of gi-ey luberele, so that 
a section of the organ has a striking resemblance to a section of 
hyperjemic and turless human lung beset with miliary granulations. 
On catling into them it is found that the smaller nodules are transparent 
throughout, but that each of the larger ones exhibits a central opacl^. 
They are surrounded by the natural tissue, which eihibits no appearance 
of hypertemia, and can be readily enucleated from it without carrying 
with them any adhering spleen pulp. 

In two of the animals the nodules were nf the same general character, Congloni 
but instead of being disseminated throughout the surface and substance aodule* la 
of the organ they were aggregated In groups in different part«. Each ""'•' "■ 
of tiiese groups gave rise to a circular projection which aasutned a form 
Bimilar to the so-called tubercles which arc met with in cancerous 
disease of the human liver. In all of them tho margin was more pro- 
minent than the centre. On tnnking sections of these tuberosiiiea, each 
was shown to be due to a mans of Ihes&me semi-trans|)aront material aa 
that which formed the smaller niMJules. Most of them projected on the 
external or convex side of the organ. As, however, their diameters 
were equal to its thickness, they could also be felt and aeen on ila 
coDcave aspect although they were not so prominent. The sectional 
sarfacea wore irregularly mottled with transparent white, ojiaqua 
yellowish white, and red ; the first being most abundant towards the 
circumference of the nodosity, the second in liie central partd — a fact 
which seemed to indicate that each tuber is produced, not by the eslen 
sion of a single nodtde, but by the growth of a number of uodulos round 
a previously existing central mass. The sections further showed tltnt 
in these animals tlie white material was not separated A'om the healthy 
atrueture by so circumserilwd a line as in those cases iu whioli the 
deposit assumed a nodular form. For this reason the maasi-s eould not 
be readily enucleated. 

In one of the animals (No. 14) the condition of the spleen was Sanguine 
exceptional. It eshiljiled two or three nodules of tho nsmd grey colour iulil«»li«i, 
and firm consistence j but in addition several black red potclies, of irre- 
gular contour, and very slightly depressed below the general surface of 
the organ, presented themselves. On making sections it was found that 
the splenic pulp woe in these parts infiltrated with coagulated blood. 
The organ was placed in chromic acid for cx.aniination, but vos acci- 
dentally spoilt. It weighed three grammes. The morbid appearances 
in the lungs and liver of the same animal were well marked. 

Mitroicopical Disseetton. — la iny examination of the nodules iu Minute 1 
tho recent semi-transparent condition which is most frequently ob- aniiiomjof Oi 
served, I have been unable to detect any characters by which their '"*^'''^ 
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elementB can be diallngniahed from those of the m&lpigi] 
puscles. I have, however, obtained no evidcnca that they actually 
originate from previously existing miilpighian bodies, or that they 
have any connexion with Artfrial bi'anches.* The structnre vUcli 
they exhibit is strictly analogous to that of tho adenoid growths 
jBu,.^... ..y already described, and parliculm-ly to those which are found in 
ocNJatum, iy the liver. Fine sections show that each nodule consists of cellnlu' 
oji. elements embedded in the holes of n vesicular mftlrix. The paleness of 
the whole mass ia owing Xa the absence of those venous dOnlationH to 
which the spleen owes its peculiar colour, and especially of the blood 
pigment granules which the ainusee contain in considerable number. In 
Qodnles which nre opaque in their centres the microscopical appeoriuicca 
resemble those observed in the central solWnings of the pultnonoiT' 
nodules. The change which the opacity indicates is due to the brcnking up 
of the nuclei, and the existence around and among ibem of innumerub^ 
fat granules. In several instances I have found, in making sections of 
nodules witli opaque centres, that the degeneration was not only fatty 
hut calcareous. Under the microscope the calcsreoua deposit had the 
fni-m of angular or bolryoidal grains. (Plato I., fig. 10.) On the 
addition of dilute hydrochloric acid to those masses they disappeared 
with effervescence, leaving a granular fatty detritus behind them. 

In the formation of nodules in the spleen, as in tho lymphatic glands, 
we have an example of a process which seems to stand midway be- 
tween hypertrophy and new growth. The original structure of the 
nodule cannot be distinguished fvota that of the tissue ia which it ori- 
ginates, but itt development it different. Normal in its ai<alon>y, it 
pi-ove« itself to bo morbid by undergoing fatty degeneration and □ccrosis. 

6, Appearances observed in tke Kidneys. 
Of the 21 animals one only exhibiled morbid changes in the kidney. 
In this ease the lesion consisled iu the existenee of two or three nodules 
as Iwge as hemp seeds in the cmiical Bubslance, These were of firm 
consistence, and in theEr microscopical chai'actcrs rc.cmblcd those foniul 
in the spleen. They were not examined with the microscope. 

7. Appearances observed in the Internal Lt/mphalic Glandt. 
In all cases in witich there was disease of the thorncic or abdominal 
viscera, the internal lymphatic glands were found to l^i affei-ted, Tho 
alteration consisted in enlargement and induration, with caacous degene- 
ration. Neither suppm'ation nor softening were observed in a singla 
instance. The degree in which the several groups of glaoda wait 
enlarged appeared to be invariably dependent on the EXlent and pn ^ta a 
of the morbid changes wbich bad taken place in the organs fnai 
which they received their tributiiriea. In those casts in wliicb tke 
lung, for example, remained healthy, although other organs wore 
diseased, the bronchial glands were also found in a nalund conditioo ; 
but in cases like Nos. 21 and 22, in which by fur the gieater part o£llie 
parenchyma of the lung was the scot of inlerstiliid induration, ibtt 
bronchial glands formed a. mass in the upper part «f the Iborn:^ <Mfr 
sisting partly of the indurated and enlarged oi'guna thtmselves, parti/ sf 

• If it were U-ue, sa is now Ltld by m.ir.j pBlJioloBists, ll;al all lubtfeoious 
granulBtionB originate in the shraiha of the uiioule atteries, the rcscaiUaBM 
between a splenic midpighian corpnscle R«d such a paniiral^n would be «rnplcle, 
each of them cooBisling of a diliiCatioa ol' the tunics advcutitis, filled wirb Ivnph 
corpusclel. 



condensed cellulnr tissue, hy which the vessels and other orguu con- 
tained in ihc posterior mediastinum were matted together. In a gbuiloi* 
mftUDer the size and hordnesa of glands in ihe g astro-hepatic omentum 
afibrded a sure indication of the state of the liver, with which in the 
more advanced caaea ihey were connected by a cord of induration. The 
agnunated glauda of the small intestiae, and particularly the large patch 
which ie always found close to the ilco-cxcol valve, appeared to me to be 
usually healthy, bometimca the follicles were enlarged, ta which case ™"_" 
enlargement was also found of the corregponding mesenteric glands. 
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These appearances can ho best etuilieil in the meacutc-ry aad in the 
gaslro- hepatic omentum. They were met with only in a ttuiall propor- 
tion of the tuiinals examined. On spreading the diseaded membrune ou 
a plate of glnes it can bo made out even with the naked eye that its 
surface is scattered with minute gi-anulations ; aud on examining the 
specimen undi<r a low jKiwcr it at once becomes manifest that these 
granulations have a npecial rclnliua to ilie vaeculw branches, and uru 
only to be found in their immetUalo neighbourhood. Tho nodules nro 
round or oval, and vary iDdelimtcly in size. I hare seen nonu which 
exceeded a lai^e pin Load in^diameler, while others are so small that they 
can only be discovered by the microscope. Kero and there they are so 
numerous that the vessel^ resemlije, as seen by transmitted light, neck- 
laces of dark beads, some of which look as if they were strung on the 
artery, others as if they were attached to one side of it. 

Their structure and true relation to the arteries is as follows ; — They 
conais't of corpugclee which have the same character as those which 
constitute the new growths in the liver aud in other organs. Near tlie 
external surface of each granulation, some of the corpuscles arc spindle - 
ehaped, bo that they are undiftinguiahablc from tho nuclei of tho 
peritoneal connective tissue. But those which form the roam of the 
growth are oval or spheroidal. They are held together by a Btructureleas 
stroma, which, however, is much less obvious than in the liver and other 
parenchymatous organs. 

Although, aa above staled, the granulations are always to be found iu 
the closcat relation with vascular branches, it docs not njipear that they 
can be regarded aa outgrowths of tbo arterial udveutitia. From tho 
examiuation of those growtha, which are to bo found ou arteries scai-ccly 
larger than capQlaries, one might easily be led to un oppositu concluiuOn, 
for these vessels present an appearance which cannot be distinguished 
from that so frequently seen in the pia mater when that membrane is tho 
eeat of tuberculous disease. But in granulations attached to arteries 
from a twentieth to a ihu-tieth of a line in diameter, it appeiu^ to nio 
evident not only that tho newly formed corpuscles arc not identilScd with 
those of the tunica advcntitia, but that they lie altogether outside of i(, 
eo that that structure can be traced between the granulation and the 
muscular coat of the vcsaol. The relation between the granulations and 
the vessels can be easily understood if it is homo iu mind that all thu 
larger mescnleric and epiploic arteries, along with their accompanying 
veins and nerves, are inclosed in cylindrical sheaths of ai'cohu' tissue 
loaded wiih fat cells. It is in these sheaths that the grunululions are 
situated, hence it follows that they lie among tho fat ccU;", and ore in 
contact with ihem. Around tho smaller vessels the areolar sheaih 
cannot bo distinguished from the adventilia, and hence the nnclonr 
proliferatioue with which they are cnciusted look as if tbey formed pait 
of the vnwulur wall. 
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ObbERVATION RELATIKO to the InOCOLATION op diseased TlSBUt 
FROM THE SUPRA-EBKAI, CafSCLE OF A PaTIEHT AFFECTED WITfl 

Addison's Disease. 

As tho morbid prnccss which occurs in the ofiectcJ organs in this. 
disease is regordcil b; some pathologists os dialiuct from ihe tuberculous 
this ex]>cri[aent is separated from the preceding, tUthough Ihe rceuUs. 
were identical, 

Obs. X., May 29th, — Two guinea-pigs were inoculalod with 
semi-ti'onspnrent material, from the suitra-rcnol capsule of a : 
ptitieut, nged 19, who died, under the eore of Dr. Murehison, i^i 
Middlesex Hospital, affected with Addisou's disease. The followiii| 
were the most important lesions. The hair exliibittid the osna 
variations of colour, the skin was anicniic but not discoloured, but ihet 
were dark patches on the inside of the left cheek. There wad an ol 
fibrous adhesion between the apex of the right luug and the pleur^ bb 
a similar adhesion of its diaplimgmatie sui'face. The apices of hot 
lungs were puckered and cicatrized, and contained small indurationi 
with calcareous degeneration. On the left aide there ' 
cavity surrounded by indumtion. In other i-eapects the lungs i 
pleucie were normal. The bronchial glands were enlaiged and pig; 
mented. The solitaiy and agminuted glands of the lower part of ti" 
ileum were cidarged and opaque. Similiu' appearances were i ' 
in the stomach and duodenum. Tbo mesenteric glands were I 
enlarged and indurated. The supra-renal capsules were much enUrgef 
and indurated, and exhibited a nodulated form. On section thej were 
found to consist of semi-transparent grey material, the sectioDOl surfaces 
of which hhowed iiTcgular patches of yellow opacity. 

No. 23. Died 36 days after inoculation. Inoculation wound : A. 
flattened tumour as large as a foui-penny-piece, showing on Eeclion i&r 
durated cellular tissue, scattered with minute opaque graius of yellow 
white material (caseous abscesses). Lungs: Weight 3-3 granm: 
Numerous disseminated nodules, grey and gelatinous in their ceattai 
pigmented marginally, all of them minute. Most are sub-pleural, b 
many are acatleitil throughout the substance of the orgftn. £^ 
Weight lS-4 grammes ; i-elationof actual to normal weight 3 : 1.* Ga 
ral interlobular mottling of the whole organ, the acini being eeptr 
from each other by a grey reticulum, which in some parts i 
that the intervals are reduced to mere dots of redness, while in o 
they entirely disappear. The sectional surfaces exhibit a similariaot 
aspect, the grey appearing more traus{)ai'ent than it does externally. I 
or two isluuds only are observed. Spleen: Weight 1*5 gratun 
relation of actual to normal weiglit 12 ; I. Tissue apparently nUt 
State of lymphatic glands not noted. 

Mo. 24. Died 39 days after inoculation. Lungs perfectly he^ 
Liver : Numerous minute islands, both superficial and in the sube 
of the organ, Spleen -■ Weight 2-2 grammes ; i-elalion of actual I 
normal weight 15 : 1. The tissue was apparently natural. On i 
external surface, and scattered throughout the tissue, were Dumesw 
prominent semi- translucent miliary nodules. The.w nodules were 08 
for inoculating other animals. 

From this experiment it is evident that no distinction can be < 
between the ctfecta of inserting the material which constituttt 6 
induration of the supra-renal cajisules in Addison's disease, and rf d 



' It it BSEomed, u slated above, that llie relative veiglits efdie oisansb I 

guinea-pig, the weighlof the whultibodjbeiiiglOO,are—!miga,li live.- ■ ' "" 



inocnUtkm of tubercle, llib conclosion wns coDfinned bv the Tvsnlts 
of re-inocnlatioo. The value of the experiment, however, is s^Miiewhat 
diminished bj the £urt that in the longs of the patient from whos^ bodr 
the material was obtained there were indications of obsolete tul^efvle. 

Second Series. — ^Expekixexts relating lo the Ixoculation of 

Material from the diseased Organs^ or of Blood of Anulaxs ItMr^aHmkJijf 
previocslt inoculated. J>r. 





Obs. XI., June 11th. — Three guinea-pigs were inoculated with male- ^^ecoodaiT 
rial of nodules in spleen of No. 1. iDocaiatioBiL 

No. 25. Killed 119 dajs aAer inoculation. Wound contains pus^ dwerratkaiXI 
and is surrounded with induration. Numerous masses of caseous ma- InocolatiQB of 
terial embedded in indurated connective tissue (old abscesses), but no diMascd tiHae 
abscesses containing fluid pus, were found in the subcutaneous tissue in ^'^^'^ ^leca. 
the neighbourhood, over a space extending from the dorsal spines towards 
the axilla. Enlargement, induration, and opacity of the subcutaneous 
glands, particularlj the scapular and tracheal glands of the same side as 
the wound. Lungs: Very numerous equallj disseminated nodules, 
many not larger than pin heads. Thev are grev centrally, pigmented 
marginally, many having shreds of lymph attached to their sub-pleural 
surfaces. In ten'ening parenchyma pale. Zir^r: Weight 31 grammes ; 
relation of actual to normal weight 1*6 : 1. No blauds. Interstitial 
deposit of grey semi-transparent material abundant, but ver}' unequally 
distributed. In the left lobe it assumes the fomi of uoiluhir growths as 
large as hemp seeds ; some of them are softened centrally auil contain 
opaque mateiial of creamy consistence. Spleen : Weight 3 ' 7 grammes , 
relation of actual to normal weight 7:1. Concave suHace smooth. On 
the convex aspect of the organ, conglomerate nodular masses of three to 
four lines in diameter exhibiting previously described characters. 

No. 26. Killed 87 days after inoculation. Wound contains no pus. 
Two small abscesses in its neighbourhood, the contents of which are 
caseous. Scapular gland of the same side enlarged, indurated, with 
partial caseous degeneration, the rest of the gland being of semi-trans- 
parent appearance. Other subcutaneous glands not aHected. Lungs : 
Numerous and equally disseminated nodules, tlie lai'gcst little more than 
half a line in diameter. They differ from those previously obsened in 
the complete absence of pigment. Liver: Weight 21 grammes; relation 
of actual to normal weight 2:1. A few small islands along shnrp 
margin of left lobe, otherwise healthy. Spleen : Weight 6 gnunmes : 
relation of actual to normal weight 22 : 1. One or two minute nodulee 
along outer margin. Tissue apparently healthy, but unusually firm. 
Malpighian corpuscles not distinguishable. Bronchial and hepatic 
glands enlarged and indurated. 

No, 27. Died 77 days after inoculation. Wound contiiins a quan- 
tity of pus. There are no abscesses in its neighbourhood. 8ca|)ular 
gland of the same side enlaiged and indurated, not softened. Lungs : 
Disseminated nodules of unusual hardness occur in diiierent pai'ts ; 
one in the lower lobe of the left lung, as largo as a hemp seed, contains a 
central cavity, and another in the same lung is grey imd solid. There 
are five similar nodules in the right lung. Liver : Weight 21 grammes ; 
relation of actual to normal weight 1*3 : 1. Several islands in each lobo, 
the largest two lines in diameter. Many of them exhibit softening and 
bile staining in their centres. Each island is surrounded by apparently 
healthy liver tissue. In addition to the nodules the bevelled edge of 
one of the lobes of the liver is completely converted into the same 
material as that which forms the islands. Spleen : Weight 3 '6 graronies ; 
relation of actual to normal weight 11 : 1 . Innumerable miliary nodules^ 
the largest A line in diameter, on convex Burfacoi which are so close to 
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each oilier that scai'cely aay of the natural structure of the organ can J 
bo scan. They are Bcallered in corresponding abundance tlirougboQt I 
its substance. 

In ibis observation, Id which the period intervening between inocu* 
lation and dissection was longer than before, the rctrogreaaive changes I 
by which the disease would probably have undergone spoutaneous curd 
under faroarable circumstances were soon in each cose. 



ObeerratiDa 
Xin. lnoca- 
laCion of bliml 
of diseased 




Od3. XII., June 23th Three guinea-pigs were inoculated with \ 

material of uodulea in spleen of No. 2. 

No. 28. Died 16 days after inoculation. A sub-peritoneal abscess, 
existed between two lobes of the liver, and there were two other 
abscesses in the g astro-hepatic omentum. The other organs wer^ 
healthy. The liver and spleen were cf the normal weight. 

No. 29. Died 22 days after inoculation. ff'owid contains pns. 
The subcutaneous cellular tissue and panniculua from the vertebral 
spines to the middle lino — that is over the wbolo left dank — ore 
scattered with minute circumscribed abscesses. The glands in belli 
axillte are enlarged and aofleiied, some of thom being converted ioti 
abBcessea containing a quantity of creamy pus. The left inguinal 
glands are also enlarged and softened. Lungs : Disseminated nOQUles^ 
all with one exception, smaller than pin heads. In the left Inng i4 
were counted, six ia the lower and 18 in the upper lobe ; iu the right 
lung 40, IS in the lower lobe, 10 in the middle lobes, and 12 in the 
upper. The larger nodules project considerably, having grey centred 
and almost black margins. Liver of natural weight-. Innumerable 
island?, all of which ai'o edged with a deep margin of injection, scattered 
over the surface and throughout tho substance of the organ. Tiseud 
otherwise natural. Spleen : Weight ■ 7 gramme ; relation of actual Ut 
normal -n eight 1 ■ 4 ; 1 . The orgon ia beset with minute miliary nodules. 

No, 30, Killed 148 days after inoculation. H'ound cannot be dis- 
covered. There is no induration of the subcutaneous cellular tisauei 
and there are no abscesses. The scapular gland of the left Eide U 
much enlarged and indurated, but not sul'teucd. The other axUlaiT 
glands are also enlarged ; other lymphatic glands normal. Lunt/t: A 
few dissemmated nodules, none larger than one-fiflli of a line In 
diameter. Liver perfectly healthy. Spleen contains numerous semi- 
transparent nodules. The animal waa inadrertcnlly not weighed, 

Obs. XIII., June 25th. — Three guinea-pigs were inoculated widi 
blood taken trom the heart of No. 2 inmiedintely after it was killt^tL 
The mode of inoculation was the same as iu the otiicr experiments, not 
more than a drop of blood being employed. 

No. 31. Died 80 days after inoculation. IFound couU not be dis- 
covered J there was no subcutaneous induration, Tho tracheal and flob- 
maxillary glands on both sides of the neck are enlarged and indorRted _ 
externally, softened and pulpy in their centres. Tho axillary taim 
inguiual glands oie healthy. Lungs: Four or Hva disaeminalod noduk^ I 
smaller than piu heads in the right lower lobe; two or three la tl 
right upper. Two nodules of larger size in the left lung. Liver attM 
weighed; apparently not enlarged. Fi\-e or six eharacterlstJo irikndLj 
varying in diameter from hiilf a tine to a line and a half, softened imI 
bile-etoined in their centres, and edged with injection, are obstfrediV 
Spleen : Four or live conglomerate nodular masses project on tho ocami n 
£nrface of the organ. 4 

No. 32. Killed 105 days after inoculation. iVound contains pu^fl 
and is surrounded by induration. Numerous dissemiualcd absceseea isl 
fiubcutaucoua cellular tissue. Sight scapular gland much enlarged «A 1 
Gofti.'ned, Tracheal glands slightly enlarged. Inguinal glands unla^edj 
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anil sofVneil. f.ungt .- Numeroag disseminated nodules ks iBrgo u ptu 
beads, /.her : Weight 33 grammes ; relation of actual to normal weight 
1-3:1. A grey jnterstial nodule in Ihe middle lotx', Bimilar to Inat 
.observed in No. 25. Spleen : Weight 3 grammes ; relatiou of acluat to 
normal weiglil 5:1. It contains conglomerate nodnlar masjies. 

No. 33. Died 130 days afk-r inoculation. fVound \e open, bnt 
COntaioa no collection of puP. The surrounding Fubcnlaneous thicken- 
ing is less than ueuul. Th»rre ia a subcutaneous abscess over ibe ginleal ■ ™»^" 
muscles on the right side. Its wall ia extremely thin, and it contains 
cliecsypus. Seapnlor glundii Inrge and indurated, but less enlarged 
than usual. Tracheal glands in the same condition. J.ungi: Dis- 
itezaiauted nodules eoinewbut larger than usual, exhibiting mucb central 
Wpttcity. Liver ; Weight 43 grammes ; relation of actual (o normal 
'eight 2-7 : 1. No islands. Interlobular mottling of the vhole sur- 
ice with characteristic alteration of form. On microscopical ex^mi- 
ation the interlobular adenoid growth wad found to be abuodant in 
levery part of the organ. Spleen : weight 10'2 grammes ; relation of 
actual to normal wei<,ht 25 : 1. It i« «moolh and of natural form. In 
section some parts appear pale, others iutenaely hypenemic, but there 
are no nodules. The bronchial and bepaiic glands and [hose of the 
i^Ienic omentum are enlarged and indurated. ' 

Obs. XIV., July 7th. — Two guinea-pigs were inoculated with motcriol ^^f?"^"" 
from Ihe spleen of No. 24. ^; J"^ 

> No. 34 (Nolcsby Mr. David Guillod). Died 35 days after inocula- j;„^ ^^ 
tion. If'ountt contnins cheesy material, surroutidcd by induration ; fhtin *plMg>t^ 
BO abscesses. Axillarv glands much eoUrged, with cheesy degeneration, 
■but no suppuration. Lungs healthy. Liver; Weight 14-5 grammes j '■ 

'delation of actual to normal weight 7 : 1. Ten or twelve characteristic 
'ielands two lines in diameter ; tissue of organ apjiarcntly healthy. 
SpUtn ; Weight normal. Two nodules as large as pin heads. 

No. 35. The body was not discovered till August 31tt, that ia two or 
three days aAer death, and 5S days after inoculation. It was putrid. 
The spleen contained characteristic deposit!-, but ibG other Ot^gaua 
'appeared healthy. 

Ob8, XV., July 7ib, — Two gninea-pigs were inoculated with malcriBl Obsetvaiioa 
frotn the apparently heulihy Biipra-nnul capsulcB of the same animal, -"Y- 'j*" 

^"* ^'** . ipuicnitT 

No. 36. Died 1 14 days afler inocuUrion. fVound: Breach of conti- hSdiiy tUa 
nuity at point of inoculation covered with a scab, about half an inch uf npra-rcntf 
from which is a uinsa of thick, tongh, cellular (issue adherent to the capsiik of a 
'integument, riddled with interstices conlaining caseous pus. Scapular, ^^!?^ 
•tracheal, aob-niaxlllary, and inguinal glands of left side enlarged and 
'BofU-ned. No enlargement of glands on right side. Lungs: Five or 
.six nodules in left lung, one of which near iho apex is as large as a 
hemp seed. It is hard extei-nally, softened centrally, and scarcely pi-o- 
-jecrs above thesurface. The other nodules are much smaller. Numerous 
• •imilar nodules in the right lower lobe. The right upper lobe adheres 
looeely to iho p(.'ricardiiim and wall of the chest by a layer of granular 
ilymph, which is in some parts continuou", in othet^ conBints of sub- 
■pleoml granukiions scnrecly diirtinguishablo without a lens. Liver of 
patnrai size, one or two small islands in Iho right lobe. Spleen raucli 
miKhapen, and about 20 times its natural size. Seven conglomerate 
oodular nuuses can be diatinguished ; the largest of these, occupying 
-tfae centre of the organ, is as wide as a threepenny-piece ; its depressed 
rand soAened centre is white, the convex margin being of a reddish white. 



ArPENDir, Its sectional sui-face ie white supei'ficially, white, mottled with red, mcire 

deeply. Yellow opacities occur, which grat^i sgtunst the knife. In the 

No. 6. gmaller notlules there is no gritltneaB. Bronchial glands enlarged And 

Oh Ike indurated ; their eeciional surfaces exhibit yellow and opaque palchos. 

bilitJ*of ' "1''^ condensed cellular tissue around the sesophagua is beset wiUi white 

Tubercle bi/ lailioTy nodules. Hepatic glands also enlarged. 

Inac-latUm,' by No. 37. Killed 136 days after inoculation, tyound: Over the upper 

J}r. SaKdeTsuB. dorsal spires was a mass of indm-ated cellular tissue, containing mncli fni 

'~~ in itfl areoliB ; on puncturing this mass pus escaped, lloth scapular glnndg 

enlarged, particularly the right. The other nxillui'y and the tmchenl 

glands were alao enlarged und indurated. Their sectional surfaces were 

for the most part tranepai'ent, but showed opaque patches, which gmted 

against the knife. Lungt : Numerous disseminated Eub-pleural ni>dules, 

all of which were semi-transparent. Liver: No islands ; ^enii-trons- 

parent intei'stitial deposit exists throughout the organ, most abundantly 

in the left lobe, whore it assumes a nodnlar foim. Spleen contains 

seveial conglomertite nodulsi- masses, the largest of which Is three Uam 

in diameter. Hepatic and bronchial glands enlarged and induri 
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Third Series. — E-trERiuKNTS relating to the Irochlai 

Material fkom the diseased Oroaks of an inqctlI' 
Aniiial of the Second Series. 

Oas, XVI., October 8lh. — Four guinea-pigs were inoculated wiih 
material fi'om the spleen of No, 25. 

No. 38. Killed 56 days after inoculation. Wound : No suppumtion, 
and veiy slight induration. Scapular gland much less enlarged than iu 
animals pi'eWously examined ; other axillary glands also eUghlly en- 
larged. Neither were softened. Lungs and Lirer healthy and of 
natural weight. Spleen not enlarged ; contains two mdiary nodul«, 
and its malpighiau corpuscles are distinct, and appai-ently culai^i'd. 
The animal was a large boar, and in good condition. 

No, 39. Killeil 56 days after inoculation. Scapular gland of left 
side somewhat enlarged, and slightly softened. Other subcataneoaa 
glands healthy. Lungs: Characteristic disseminated nodules, varyiug 
in size from one-fifth of a lino to a lino in diameter, the lai'gcr ones liaviiig 
opaque centres, the former being transparent throughout. All exhibit 
the usual marginal pigmentation. They were carefully examined, and 
found to present the structural ebaractere desa-ibed at p. 7. Livir: 
Weight 195 grainmesj relation of actual to noi-mal weight 1-5 : 1. So 
islands. Tlic extci'ual surface exhibits patches of grey mottling, wliichsre 
particularly abundant neai- the eliarp margins of the right lobe. Spleen: 
Weight 2 grammes ; relation of actual to normal weight 6 : 1. Convex 
surface beset with miliary nodules of remarkable transparency. Bron- 
chial and hepatic glands, parttculai-ly the former, enlarged and iuduralciL 

No. 4<>. Killed 81 days after inoculation. If'ounU unhealed and 
eun-ounded by slight Buhcutaneous condensation and thickening. A 
small abscess, two lines in diameter, between panniculus and skin, not 
connected by a cord with the wound, from which it is half an incli 
distant. Another similar abscess at the same distance, leading to which 
a cord can be distinguished. Of these two abscesses the former con- 
tains cascou!<, the latter fluid pus. Left scapular gland enloi^ed aad 
suppurated ; right scopular and one or two ti-acheal glands enlarged and 
caseous. Other subcutaneous glands healthy. Lunga healthy. Liven 
apparently healthy. Traces of interstilid deposit. Spleen : Coo- 
glomei'nto nodulai" deposits, none exceeding three tines in diaoieter. 
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ntxlules of which ibey a 
knspnrent externally. 

41 is slill under observaiion. 

the preceding expprimentB of (lie iecond and third serios tlie CBmrnmaeo' 
'bid appearances dlfTen:!! in no important reapcct I'rom tanse i,jiiy ^r 
rved in aniinaLi inocalaled directly with taberculous moieriaL Tuhtnkhg 
however, worthy of notice that, nlthongh io some of llie ani- fnonlatm, tf 
the Babcutaneou* lesions wci-c (juite as extensive as in t\,(f i^- Satdmo^ 
pcrinMiitiii of the first serios, tlin local effects were on the whole 
" ter, and in several insiances very inconsidLTablo. It is al»o 
rorfhy of I'emark, as regard" tho morliid appearances in the liver, that 
three animnU, particularly in Nob, 25, 32, and 37, the Uiter- 
^ular new growth was so exubemnt in some parts of the dtiwased 
that it fonneil distinct nodular moaees, — a circumstance not 
observed. In other animaU the grey motlhn}; wna entirely 
I am, however, inclined to anticipate that in the further 
of the inquiry it will bo found that, whenever the liver is 
eidarged, interstitial adenoid growth really exists and could be detected 
hy the microscope, even ihongh to the naked eye there seem to bo no 
indications of sirueiurul change. 

In concluding thi^ section of my inquiry I draw attention to the 
following facte, as established with some degree of certainty, and as 
having an important bearing on the question of the development of tho 
morbid process, that is on the mutual relation of the several lesiona to 
one another : — 

1. Suppuration occurs in nearly all cases nnder the skin at the point 
at which the tuberculous material is in^rtad ; and in most, the suppura- 
tive pi'occfs is propagated to the Eiibcutaneous areolar tissue in it') 
neighbourhood. It is, however, not essential to the production of tbe 
Internal lesions ; for in two cases there was no trace of suppuration 
my where around the wound. 

2. In every infected animal the lymphatic glands corresponding to 
the place of inoculation were enlarged; usually there was softening; 
there was always caseous degeneration. 

In eight infected aniraiile the lungs were free Irom disease. 
Tlie liver was probably in no Instance absolutely heallhy, but the 
lesions were very vaviahK', no less in their nature than In their cxionl. 

5. In one animal the spleen appeared to be of natural size and 
structure. With this exception, the organ was always enlarged. In 
many animals there was no apparent change of structure. In others 
there were new growtlis, which appeared to consist of overproduction 
of those eiementfi which the spleen has in common with lymphatic 
glands. 

The iutemal lymphatic glonds receiving their tributaries from dis- 

«RAed organs were idways themselves enlarged, indurated, and caseous. 

Tho results of the three series of experiments now related alfcird an 

'er to the first of the <|neetions proposed at the outset, so far as 

stales to tlie species of animal used. They show that the inoculation 

tuberculous matter produces in guinen-pigs morhid changes so con- 

int both in their analomicHl character and development that they may 

regarded aa constituting a disease ; for in all the organs the nppear- 

Bcces observed are much less variable than those we are accustomed to 

find in idiopalhic tuberculous disease of num. The true relation uf tlie 

iinman disease to its bestial derlratlve cannot yet be determined. 

The second part of tho question cannot be decisively answered at 
prcwnt stage of ihe inquiry. Anatomically the disease may be 
led as primarily an overgrowth of the lymphatic glands, and of 




Affendu. tboso Etruuturut elemenla of otliev orgaaa which thej have 

ith the lymphatic glanJs. But anatomical charticters afford no 

ifficient basia for a dcfinilioa.* 
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Laciinccl produced a growlh ■which he regarJed 
an the forefinger of liU left haml, hy accidenlall; 
'ilh a fragment of boue while engaged iu the [Wst-mortem 
r a patient who had suffered from rertebrol caries, the 
notion thiit tubercle might bo communicated hj inoculation biu from 
time U> time auggeated itself to t)ie minds of rariuu^ pathologists. It 
waa not, however, until Villemin di-ew attention to the many facta 
which render it probable that tuberculosis la the manifestation of a 
morbid action pervading the whole organisni, and that in its develop- 
ment and propagation it is governed bj tlie same conditions ad the 
Bo-called zymotic diseases, that tlie subject assumed ila present import- 
ance. It was the consideration of these facts, and particularly of the 
dose relation which seemed to liim to exist between tubercle and a 
disease peculiai' to the horse, viz., farcy, that induced M. Villemin to 
ondertake those remarkable experiments which form the basis of the 
present inquiry. From these eiperiments he concluded that tuberculosis 
must no longer be regarded as a constitutional malady, bnt as one 
dependent on a specific infection, — in short, as a zymotic disease. 

Since the publication of these results other pathologists in France, 
Bngland, and Germany have followed in Villeraiii's ti'ack. The fuct 
that a morbid process, having a certain general resemblance to that by 
which tubercle is formed, is set np in animals inoculated with tubercu- 
lous material, has been abundantly proved, but tlie interpretation given 
by different observers differs widely. In order as much as pos^ble tn 
separate facts from inferences, and at the same time to fumiah the 
reader with a complete and intelligible view of the present stale of the 
question, I propose to divide the following summary of previous 
researches into three sections. In the first, the nature of the experi- 
ments will be briefly i-ecoriled ; in the second, an account will be given 
of the anatomical characters of the lesions observed in inoci^ted 
animals ; and in the third, of the theories which have been advanced 
explanation of them. 
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Section I. — Experiments. 
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On the 5th of December 1865 M. Villemin commuaicated to tfas 
Acuderay of Medicine of Paris a paper in which the results of the 
inoculation of ten rabbits were given. In these csperiment« the 
material used was always mixed, some of it being grey, the i-eat caseoio. 
The mode of inoculation eonaistwl in passing the blade of a narrow 
bialoory under the skin, near the base of the ear, and introducing the 
material info the wouni^ after breaking it down with the point of the 
knife. 

The first inoculation of mixed pulmonary (caseous) and intestinal 
(grey) tubercle was performed on the 6lh of March 1865, and repeated 
in the same animal on the 30th of March and the 4th of April, It w» 
killed on the 20th of June, when "tubercular masses "were found i* 



* If llie chemical nalure of iLnt trans formal ion of tissrie irLicli gives chessy jellow 
tubercle be its reiull, vere more thorougUj nDdvrstood, it would prohBbty be poiri ble 
lo foond a definition npoo it. '^ 

t Tniile d'Anacultation Mediate, 1837, Forbes'a Tranalaliun, p. 331. 
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the lungs, and granulACioaa under the peritoncEum. On the 15th of July 
three rabbils were iooealated, the operation being repented on the 
22nJ, when a fourth rabbit was inoculated for the first time. About 
two rooutha aflerwarda ihej were killed. "Pulmonary tul)ercie8 " 
■were found in each case, and there were also " tubercles " beneath the 
periiouicum. Three rubbits were inoculated on the 2ud, and again ou 
the 24ih of October, on which daj a fourth rabbit yv&a JQDCulaleU for the J 
first time. In all theae auimals, which were examined about a month ^' ' 
after ibe second inoculation, granulations, regarded hy M. Villemiri 
as tuberculous, were found iu the lunga.* 

In a second paper, communicawd to the Academy on the SOtli of M- VillemU 
Ociober 1866, M. Villemin relates the results of eubscqueut experimants * 
on 12 other rabbila inoculated with '■ tubcrculoua granulallonK." Four •"P*'™^"* 
of these experiinents failed, three of the animals dying of diffused eub- 
cntaneouB purulent infiltration only a few days after the operation. In 
the other, which was kilted sis months afW inoculation, no lesions were 
fbiuiJ. The animals successfully inoculated were killed from two to 
six months after inoculation. Tubercle was found in the lungs and other 
organs, it being observed that in ttiono that lived longest the tuberculous 
deposits were more or less yellow and softened, whereas in those io 
which the interval was shorter the deposits were grey.f In the un- 
' BoccesKful caae, M. Villemin attributes the failure to the insufficient 
evolution of the tubercle employed. 

In addition to hia experiments on rabbits, M. Villemin has also 
employed other animals. Ou the 19th of December 1865 two guinea- 
pig^ were inoculated, oue of which was found dead on the 2Ist uf 
rebruary, the other on the 31st of March. Both exhibited numerous 
tubercles iu the lungs, liver, spleen, and lymphatic glands. About the 
same pcrioil several dogs were inoculated with material of grey granula- 
tions. In three that were killed several months afterwatds, no traces 
oftul>crclo could be discovered. But in ihe other, which was three 
times iuoculated, and killed five months after the first inoculation, sub- 
pleural grannlations were found which weii; regarded as tu1>erculous. 
The lungs, however, were perfectly healthy. The result of tliis experi- 
ment was i-egarded by M. Villemin as doubtful, but on a subsequent 
oceaeion (June 24th 1866) he was more succeesfid. The animal was 
killed three months after inoculation, when characteristic gronuUtions 
were found in the lungs, Uver, kidneys, spleen, and mesentery. In 
three iuoculationa of cats no satisfactory results were obtained. The 
experimente on goats, sheep, and fowls were also unsuccessful. 

Ou the 30lh of April two young rabbits were inoculaled with M. VillenJali 
material from the lungs of another inoculaled rabbit juat killed. Oue s^^*"*"^" 
was killed six weeks after the operation, and the othur was found deud " 
two weeks later. In the former there were numerous tuberculous 
grauulations in the lungs and spleen. In the latter both lungs were so 
completely filled willi tubercle that scarcely any sound tissue remained. 
The liver and spleen were also tuberculous. The details of five similar 
cxpfrimeuts made at subsequent periods will be found in M, VLUcmin's 
"Etudes sur !a Tuberculose," pp. 542-545. 



* Al lliesunc lime will) these experiments other animala yiere iuocutRted with 
othrr morbid pmductn, particularly with pu ftom phIeginoii«iui absceaset, and froni A 
carbuncle. Thrtc experiment* werewilhooi reiull. 

1 Tbi: details of these experimeDls are given at length in Ihe Bulletins ot the 
Acadeipj of the dates currespouding, at well as in M. Villemin 's Work, " Etudes sor 
la TaberenlMe," Paris, 1S6B. 
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On the 19th of Mai-ch 1867, Mr. Simon commuDicai«d to the PalhtHi' 
logical Society of Loiuioti, the results of eomc experimcuta made bj htta' 
for the purpoBe of verifying M. Villemin's stotementB. 

In June IS66, he inoculated 10 rabbits wit.h softening yello^ 
tubercle, tnkcn from the lungs of a patient who had died of phthisis' 
20 hours before-. The following November, nine of them wero killed.. 
On di8<)ectioi), it was found that in five the lungs presented appeantocM'] 
I'eacmbling those of tuberculous disease, but that in the others they wers'i" 
healthy. From the masses cnnt&ined in these lungs, three other rabbitv 
were at once inoculated, of which two wei'C killed in March, 1867- Ibi 
both there were extensive tuberculous cousalidation of the lungs and 
enUi^ement of the mesenteric glands, while in one leeions of a similar 
character were found in the spleen and liver. In commenling on these 
results, Mr. Simon contined biniself to pointing out that the aspect and 
common physical properties of the product were entirely those which in 
man we call tubercular, and that although it for the moat part resembled 
yellow tubercle, the small I'ounded mo^os seen in the lungs were found, 
when slightly magnified, to have n semi-transparent grey circumference. 
The diseased organs were submitted to a committee of the Pathologic^ 
Society for further examination, who subsequently I'eported thai 
the mosses found in the lungs and other oi^ona I'cgcrabled crude 
tubercle in their macroscopical characters, in their minute strnulnr^ 
in the tendency observed in them to iudui-ation and earthy degeneration,) 
and finally in their being foand in those organs whicli are the ordinaiy 
seats of tubercle.* 

The experiments of Professor Lebert, wliich relate not merely to Uie 
tranf<mieBibility of tubercle, but to that of rnriona other inflammatory 
products and new growths, from man to animals, are divided by him into 
five groups, comprising 45 experiments. The first group relates to the 
inoculation of what Lebert regards as typical tubercle. Eleven animaU^ 
were employed of which five wore guinea-pigs and six rabbits. Tha; 
material used was taken from the bodies of patients affected with 
phthisis, in whom the lesions were of the following character. In only 
one case was there acute pulmonary tubei'culo^is, in three instances there 
were romicie and (meumothorax, associaled with pneumonic iafiltration 
and disseminated Eccoudary granulations, some of which wore grey aad 
others yellow, both being employed in inoculations. In two oaees tbe 
pulmonary lesion consisted exclusively in yellow disseminated pneumoaic 
masses with romicee; in two others there were chronic pneumonic inaascs 
and peribroncliitic foci without cavities, while in another there was 
(liSused chronic pneumonia. In the remaining two cxpenments the 
material used was taken from the mesenteric glands of a child wbo had 
died with pneumonic masses in the lungs and tubercular granulations else- 
where. All of these experiraenia were Buccessful. nor could any differ- 
ence in the result be observed, notwithstanding tlie great variety of the 
materials employed. 

In the second group, consisting of two experiments, (dogs) pus wu 
injected, not into the cellular tissue but into the jugular vein. In one 
case the injection was performed four times within three weeks, tax. 
grammes being used each time, the last inoculation being followed t^ 
diarrhoea and vomiting, and lastly by emaciation, &c. When the Htinul 
was killed 34 days after the first injection numerous disseminated 
abscesses were found in the lungs, and nodules vaiying in size from that 
of a pin bead to that of a lentil in the liver. The other experiment vu 
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siniplnr, but iho resulu werB different. There were "j^rey semi- ArMinn 
" transpareDt grannlatiotis . . . silimted pnrily in tbc dveoli, partly z — 

" belw(?oo the pulmoimry fibres; the npices of botli Ituiga were o"/ 
" adherent . . . The livor contained numoroas greyish ydlow iioduled Cimmai 
" of the enme constitution and chiirnctcr lis those in thf Inugs," mnu _ 

In the nine experiments of the next group bronchial nnil cavernous Tuberelt 
Becrel.ion wns used, six of the palienta being afiiictej with chronic tnoeuhtkm,- 
pneumonia, the rest with pulmonnry gnngreue. No gmnuhiliona were 
fburid in the uilcroul organs, the animals dying rapidly, apparently of .T 
septicwinia. hroaohbl 

Jfexl foUowA a afnglo obBemition relating lo a dog which died three carenu 
days after (he injection of phosphorous oil per roetmn, having a fortniglit crctioa. 
befbre undergone the operation for biliary fistula (Dernard's upei-ation). "-'" 
Id this enec *• numerous nodules as large a» pin hcaiis were found 

pulmonary pleura, each of which eKhiMrcd a, central dark blackish ^^„„„ 

point . . They did not extend to the pnrenchymn. Numerous small ^ibserrrf nftw" 

noduled scarcely as large as pin heads of a pale grey colour and firm inoculation, in 

con-'isteiico . . . rescniLliiig the gi'antilattniis produrtd by inoculation ccioM(|uenc« «< 

in iho animals of the first gronp, were found in both lungs." On ■' •|^S'«»' 

nilcroscopic examination it was found that the nodules possessed the ^"*°' 

roe structure as those existing iit animals inoculated with tuliercle, 

botb the cavities of the alveoli and the interstitial lisaue being inlil- 

' tmted with cells, the iutra-alveolar ones being ill stingui shed from the 

' others by their greater diameter, and the melanin granules whicli they 

* coutaiDed." _ 

The Inst group compi'lses experiments with melanotic, Aorcomatous, iDOcoIaiioa of 

cnnemid and cancerous products. The most important results wore tlio p^'i"'" •""*" 

fbllowlng. Three rabbits were inoculated with melanotic tumours of the ,,"""^7^ 

liorsc In one of them which died two months and a half after inocu- duels. Kxp&:H 

latioii, a well marked stellate cicatrix was found nt the seat of inser- 2'i^4, J 

tion under which a number of nodules varying in size from a millet to H 

a bemp seed were seen. These nodules were ascertained to " consist I 

exclusively of small round cells resembling those of lymphatic glauda," fl 

«DcIoeed in tough connective tissue. They were regordi^ by Lehert as H 

siructumlly identicul with tubercles. H 

Tlie two next experiincnls relate lo sai-coma and were without result, H 

~ excepting in so far that in one of the nnimal» a typical bronchiul ■ H 

alveolitis wfts found. Experiments 33-34 relate to cancroid and H 

carcinoma. They were altogether unsuecossful so far ua relates to the H 

eommniiieation of cancer, but in one of tliem apiieuraiices resembling H 

tubercle wore found m the lungs. Isohited nodules most of which H 

were smaller than pin heads and of a whitish grey colour were found ^| 

in the lung tissue under the surface of the pleura, tiie sun'ounding ^| 

parenchyma being pale and atiiemic. The grnouiations in the lungs , H 

were found to consist of intra-alveolor infiltrations. H 

In experiments 35-39 charcoal was injected into the jugular vein. lu Injcciion of I 

three instances death occurred from the immediate effects of the injec- finely pnlve^ V 

tion. In the two other cases the charcoal was found to have penetrated "^ tlisrcoai, • 

to the pulmonary capillaries, liver, and in one case to the braiu. In H 

one of the auimuls which wns killed, three months aud a half after, H 

wfaen apparently in good health, two small nodular masses of alveolar H 

I infiltration were found, each of which contained a little fragment of H 

■ charcoal in its centre. Several similar frngmeuts were found also ia H 

I &« odrentilia of pulmonary arteries. In the other rabbit, which died H 

I S4 days after injection, there were disseminated foci of irritation, so | 

I numerous, that they occujiied four-fifths of the lung. The s 

r tlic infiltrated parts exhibited fine granulations, just like those s 
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human pneumonia. Microscoiric esarainBtion showeil tlint tlic gruiuU 
(.ions were A»e to Ihe filling up of the alveoli with n finely gri 
mat«rial containing compftrn lively few epitLelisl ccIIb. 

In the last six experiments mercury was injectt^d info the vei 

and in one into (lie trachea. TJie lesions obeerveil, attboagl 
of prreat interetil, are not suHiciently relevant to our present inquii; 
^S lo merit detailed <IeBcri[)tion. In one case, in which death occarr^ 
"■" liy endocarditis, there was ncidulnr and diffused peri -arteritis, but til 
nlveolar and interstitial tissues of the lung were very slightly inyolvei 
Most of the nudules eonlnined quicksilver granules in their centra 
Pulmonary suppuration occurred frequently. • 

M. Colin, iu his report to the Academy of Medicine in Paris, o 
M. Villemin's experiments, relates that in four inoculations made ti; 
himself, only one was successful, a result prohahly attributable to hi 
mode of insertion, which, as he describes il, was certainly ill ndaptei 
for the purpose. In subsequent experiments, in which he adopted I 
better method, the results were neai-ly ns constnot as in those of Si 
Villemiii.t 

Dr. Roustan in his recently published inauffurnl theaia describe* 
si>verti] series of experiments on Ihe inoculation of pulmonary tuberdfq 
In Ihe first series three rnbliits were inoculaled, one with grey tabcrcl^ 
one with caseous pneumonia, another with the tissue of tubci'culoaB tati 
softened mesenteric gland. In the second series guinea-pigs were e 
ployed. Some of tlic anatomical results, whicli are in the main « 
firmatory of M. Villemin's observations, will be again referred to. 
n dog which was twice inoculated, the first time with yellow tubercle^ 
the second time with grey, charnclerislic tubercular lesions were fonnd 
in the peritoneum, liver, spleen, supra-rennl capsules, and lungs, 
another dog, inoculated in the same way, the experiment failed, appa; 
rently in consequence of the circumstance that the animal tore out th 
ligatures with which Ihe inoculation wound was secured, inunedialel 
after the operation. In two guinea-pigs in which Iwo grammes of th 
blood of a phthisicjil patient were injected under the skin, no result wi 
obtained. In addition to his own experiments, Ihe author rotates on^ 
important observation made by Dr. Gonjon in Professor Rohia^ 
laboratory which illustrates the liability of guinea-pigs to i_ 
taneons tubercle, and the rapidity with which the tuberculous leuoni 
are produced by inoculation from animals idiopalhically nflected. A 
guinea-pig used for some other experimenlal purpose was found to hftT^. 
characterislic tubercles in all ils orgsns-t Sub-peri tonroal grimulstiom 
of this animal were thereupon inoculnled to two others of the Munf 
species. One of them died 14 days, the other 18 days after inocatt< 
i found that the lymphatic glands were enlkrg 
was beset with miliary granulations, and t 
existed in Ihe liver, lungs, spleen, and kidturpi 
microscopical examination to have the nbaraata 
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•Prof. L*berlBnai)rOfca_rWyss:BeitrigEinrEitpsriinenta1-PBtljnlogied*r] 

arligen omBChrieWnra disjeminirten LnDgeimiliundung, so fie der I'l'bertragiuig 4d 
sogenannten Tubemilose nnd sndprer entiiindlichemnd Terschiedener neoplast'""*^ 
Prodilcle von Menechen anfThiere. VirchoTS Archiv, Vol. XLI., 1667. 

t Colin : Rapport sur deux communicntione de M. Vaiemin, ttjani pour lid*' 
'■CanBeet Nature de la TubelcuIoBe." Bulletin de I'Acad. de Mod.. tomeSS, p. 497. 

t This is the only inaiance 1 littvem?iiriih of the apontaneous occan-eDce of biber». 
cnloni; li-dons in Ihi; gttlnca-pig, ind^pendenllv of inoenlatiDn. Nothiap U Mat 
tn the oalare of the previous expcrlnienu toVlikh these animal* irere suttjecwd 

§ Dr. A. Uonstan, Rfeherchcs eur riDDculabilile de la Ffathisie, I'sris, 1867, 
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Very recently Dr. Wnldenbui^, to whoee itnatomtcnl resnllsT Bhull 
hare to make fiirlher reference, haa g\\im a short nccoiiiil to the 
Medical Society of Berlin of exporimeDta made by him uti no less than 
60 animals (mbbits an<l guinea-pigs) relating to Dm innculahility of 
tubercle. His cKpcrimeuls ore divided into five surii-9. In the first bilitfef 
of these, miliary tiit«rcles were employed, which were obtained partly TUM^JIy 
from the lunge and pleura, partly from a tiibei'culous glaiiil, of a phtlii- fnorn/dftoii, if 
glcal patient. In 16 animals so inoculated, 10 died witliiu a fow ilay» ^- *«■</«■«>■. 
after inoculation, and exhibited no traces of tubercular lesion. In the _ \v~i7 
remaining six the lesions were as followe : " In I there was a ainglo (, Jj--, i.^. " 
" miliary nodnle in the lungs, atid a small miliary focu* in the liver. mrniM. 
" Jn 2 nnmeroMs miliary foci in the liver. In 3. several miliary foci 
" in the lungs, and numerous lenticular cheesy alveolar iiiQItratious 
" beeidcR pleurisy. In 4 there were numerous miliary foci in the 
" lungs, and a mass of lubitlar pneumonia, besides miliary foci ia the 
" liver and kidneys. In A there were numerous miliary foci in the 
" liver and kidneys, while the spleen was CDormously enlarged. In 6 
" the mesentery was beset with grey and yellow nodules, varying in 
■■ size from that of a hemp seed to that of a lentil; ihe cscum, and 
" particularly its appendices, exliibiting the same appearance. Somu 
" of the intestinal nodules projected from the serous surface, others 
" hroke through the mucous membrane and formed little ulcers on its 
" surface. Peyer's patches coataiued large ulcere on a caseous ba«e, 
" some of which were bordei'ed by miliary nodules. The spleen cou- 
" tained a miliary yellow nodule. The kidneys wero degenerated and 
'■ exhibited minute while foci. The lungs were healthy. The animal 
" had lived three mouths and a hnlf, and nothing was to be found at 
" the seat of insertion," 

The second series relates to inoculations with ca»eous prodnclH* 
Tlie results were negative. In the third series hypcrlrophled and 
cheesy lymphatic glands were employed, which had l>een I'cmoved 
from a person who was otherwise in good health. Of sevtu animals 
BO inoculated, four exhibited miliary foci in the liver, and in one there 
were miliarj' nodules in the Inrgc intestine. In the fourth series pus 
taken from the inoculation wound of another animal was i-mployed. Of 
the nine animals two had miliary nodules in Ihe large intcstlTie, one 
had red hepatisation of the left lung with partial cheesy infiliration of 
the lower lobe and suppurative pleurisy. In four others there were 
miliary foci in the liver. In other experiments n great variety of 
tnflararaatory products were employed : the results were negative, most 
of the nntmols dying very shortly after inoculation. 

In addition to these inoculations of morbid |iiinlucls, other expert- Subeataae 
BteaU were made in which materiuis were introduced under the skin, :"— ^~' " 
the cflect of which could only be attributed lu their mechanical propcr- 
(lc$. These materials were (1) various tuberculous or other patho- 
logical prepantions which had been kept four months in spirit, and then 
steeped in hot water ; (2) similar material previously steeped in fuming 
nilrir add or snbjectcd to prolonged boiling ; (3) tuberculous chcespy 
laalcrial intimately nibbed down with aniline blue ; (4) aniline blue 
by iladf. In all tbeae experiments the lymphatic glands were enlarged 
■bd iafiltnted, while miliary nodules were found in Ihe internal 
drgaiH ; when aniline was used, aniline granules could be delected 
UMlmitLJ in the nodules. The author states that the structure of these 
Bodite «a» identical with that of grey tubercle, but the deeeripiion 
giTca b t» tnoomplete that it is not possible to form an opinion upon 
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tJie subject. It is atatcd that tUo research v 
detail," 

It la finally necessary to iiotico two series of experiments both of 
which were entirely unsuccessful, those of Dr. Felt* of Straeburg, and 
Dr. Vogcl of Dorpnt. In the fii-st esperimenls of the former, mne 
rabbits were inoculated in the usual way with tuberculous matter. In 
the animals seven or eight ininuie caseous abscesttes were found 
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1 Samlenon. ;„ the lungs, but in the othersno lesions of imi>ortance woi'e observed. 
In another series tuberculous matter triturated with distilled water was 
injected into the jugular veins. Lesions were produced in various 
internnJ organs, which, says the author, "at first liad the chnmclers of 
infarcts, and were subsequently transformed into abscesses." He con- 
eludes that the nodules which have been regai-ded by otliers as 
tubercles are in reuliiy inflammatoiy and produced by capillary 
emlxili-t 

Dr. V(^el inoculated a crow, a cat, and a pullet, with tubercle ttikea 
from a phthisical patient. None of them exhibited the slightest sigoa of 
tuberele-t 

Section II, — Aitatouical REscLTa. 

The only detailed or exact anatomical descriptions of the lesions 
observed in animals inoculated with tuberculous products are tboso 
given by Professor Lebert of Breslau, in the two papers already refoirei 
to. The accounts given by Villemin refer only to the mncroscoptcal 
appcai'aoccs of the alleged tubercles, so that it is not possible to etate 
whether the lesions were always of the same uature, or in what respects 
they differed from those which we have oui'selves observed. But in the 
minute exactitude and clearness with which Lebert has described his 
observations, he has given an example which cannot be surpassed. 

Subeutawout Lesions.^ — It will bo remembered that in 1 1 expori* 
ments, typical tubercle or pneumonic consolidation around tubercle 
was employed. In these 11 experiments it was found [hut in alt there 
were signs of irritation at the scat of inoculation, and that in several 
instances the local effects were out of proportion with the pliyaical 
properties of the material introduced and the quantity used. Thdsa 
effects consisted in induration and thickening of the subcutaueouaareolar 
tissue, suppuration of the wound, and the formation of cameroua 
abscesses sr foci of suppuration in the neighbourhood. In soma 
instances abscesses were also found at a distance. In one oaso 
miliary nodules wcra found around the wound which are stated to bMV»- 
had all the characlera peculiar to tubercle, and to have coDSiBted nt 
rounded piirliy nucleated cells, which generally varied in diameter 
0-0125 to 0-015 millim., but were sometimes larger. Tho w 
regards this as a result altogether exceptional. H. Villemin obserrf 
in his inoculations that about a week after the operation a nodonl 
appears at the seat of the puncture "which communicates to the Si 
exactly the seusalion of indurated chancre," This enlarges prtigrta^ 
sively, and eventually a little opening forms by which 






• Dr. 'Waldcnburg ; Die Impfbnrkeit der TuberkuioBe, Allg. Medicin. 
Zeitnug, IB. Dec., 1867. 

't Dr. V. Fellz, RC'soltaU d'Experienccs sur I'lnoculatioa de Matiere Tnlwrc^eaMU 
Gbi. HM. de Stmsljourg, Oct. 35, 1867. 

I Deiit9cbi» Archi* fiir klinische Medicin, Juiy, 1B66. 

§ In stating the analomical reaullu arrived dI hj- Professor Lebtrt and M, VillemEo* 
tlie iioJii' order will be followed a-liieli I Lnve adopted ia ibe description of my own 
experiments. 
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escapea. Occasionally the opening cloee-s iminetlUtely, the nodolo 
baviog dlighlly shrunk, but subsequently reappears again to empty 
itself lifter a longer or shorter period. The tumonr sometimes attains 
a considei'able Tolume especiidly in animals inocutaleil from oibere. lu 
cutting through it the section exhibits the aspect of a large tubercle iu 
the subcntAneous cellular tissue. Around the principal mass a ccrtatu 
number of minute yellowish miliary granulations are fonntl which are /"«"toi 
inlUirnteil to a conBidei'atile distance in the connective intermuscular -^- *"" 
tissue ; sometimes several are agglomerated so as to form nests. The 
areolar tissue in which fliese granulations are formed is usually reddened 
and injeoled, and occasionolty thickened and latdaeeous. In slruetura 
and development they resemble the tubercles of the lung. 

Suheutaneout Lymphatie Glanda. — Lebert describes two kinds of Snbcntaa 
lesion. In general he observes that the lymphatic glands become Ijoiphaoi 
enlarged and suppurate. This enlargement and softening to which he ^jf^iL. 
applies the term infiltration, appear to him to arise merely from 
" hyperplasia of the lymphatic cells," and accordingly the products of 
infection (in the glands) do not confonn to any exclusive cell-type, nor 
constitute a single tissue recognizable by the naked eye. But besides 
this alteration Lebert tin ds, iu iufiliraled or sonened glands, "small 
" yellowish nodules which do not undergo suppuration, and have alto- 
" geiher the characters of the (lol»ercular) nodules " of the iDlemat 
organs, Villemin, vrho elsewhere clearly describes that form of tuber- 
cnlar disease of the lymphatic glands in man which assumes the form 
of granulation, makes no allusion to its occnrrenco iu inoculated 
animals. The only alterations )ie refers to, are enlargement, eascoox 
degeneration, and softening. He adds that the diseased glands are 
usu^ly connected with the seat of inoculation by a cord of tiidurntion. 

Internal organs. Lungs. — The only lesion to which Lel>ert ntlnehes F' 
importance, as affording evidence of tubercidous infection, 'v that 
the formation of disseminated indui^tious which, although they belong 
to (he tissue of the lung, for the most part occii|>y a sub-pleural 
position. These he describes as " infection nodules. They vary in siie 
" from that of a speck {Ptinilcken) to that of a lentil. . . . They ujnially 
" project above the natural and sectional siirfaces. . . . Even the very 
" small nodules appear on close examination to be conglomerates of still 
" smallerones. Their consistence is sometimes soft, tenacious (znA), and 
" gelatinous ; sometimes firm and hard. Their colour varies from clear 
*' semi'transparent grey, to dark much pigmente<i iron grey. Many are 
•' almost opaqne, the while or yellowish opacity springing from the 
" cenlro. In more rare cases the snijerficial nodules are carrounded by 
" a greyish red farrow ( Wall). The nodules consist entirely of cell^ 
" which, however, aro firmly adherent both to each other and to the 
" neighbouring tissues. The alveolar wall i» persistent only in the 
" smidlust nodules. Most of them extend to groupg of alveoli, the 
" arrangement of which groups rather expresses spreading by continuity 
" than the expansion of an individual lobule ; so that the nodules do 
" not form pencil-shaped appendages to the terminal bronchioles."" 
The colls are usually round ; some contain only fine granules, but others 
exhibit ''a distinct nucleus, on the addition of water, and still moro 
*• of dilute acetic acid." Their Bize varies as above stated. The nucloi 
" are from 0-006 to 0-01 and even to 0-015 millim. in diameter. Tlio 
" epithelial type of these cells, with their [Milo colour, cannot be mia- 
" taken. Thoy contain either numerous minute opaque granules, or mora 
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" refractivefatgrBnulea, or even distinct fat Pigment Is often contained | 
" in then) in large quantity, i.e., melBnine granules between membrane 
" iLud nucleus, in euch numbers that tlie body resembles a pigment cell. 
" Numerous pale young cells without nuclei, not much larger than blood 
■' corpuscle?, are found among the olhei-s, Reniains of ulveoli and elastic 
" fibres are met with iu the masses of tells which mark the spread of the 
" nodule." In addition to these nodules, which he distinguiahes a 
alveolai', " others are met with, consisting of miuul« cells with smaller 
" nuclei, and connective tissue cells mixed with spindle- shB]>ed cell^ 
" both in the alveoliu' wall, in the bifurcations of minute arteries, and oa 
'■ the eicternal surface of small bronchioles, sometimes mised withmorfl 
" diSuse cell-multiplicaliun of the like microscopical constitution, sal 
" thai the infective cell iiritation has fur its conseiuences alveolitis, 
" peri-alveolitis, peri-bronehitis, and peri-artcrilis," In injected pro- 
" parations the alveolar capillaries of the nodules contain no blood. la 
fine sections of hardened lung, says Leberl, these facts can bo still a 
distinctly recognised; and, in addition, coU-multiplicatiou was observed 
" in the adventitia of the smalleat brunches of the pulmonary arteriea. 
" In these proliferations all transitions were seen between diffused 
" connective tissue, more circumscribed groups, and nodules disliuctl/ 
" visible to the naked eye." Of the change which gives rise l« tiM 
central softening of the nodules Leberl gives no detailed account, 
appears, indeed, as if in his experiments this process had occurred only 
to a limited extent. But in a loicr paper, communicated to llie Beiiia 
Weekly Joui'nal (January 6th, 1868), he describes the dissection i 
guinea-pig, killed four months and ft half after inoculation with peri- 
toueal tubercle, in which the softening of the pulmonary nodules bad 
proceeded to the forraalion of vomica.* Leberl has occasitmidly 
observed that general bronchial hyperocmin and mucopurulent secretion 
from the bronchial membi-ane occurred, consequently on the formattou 
of nodules, iu animals in which they were very numerous. In oliier 
oases there were pleural odhesions. M. Villemin gives no anatomical 
description of the pulmonary lesions. 

Liver. — Nest (0 the lungs Leberl found the liver tlie most frequent 
seat of " infection nodules," In addition to these, he describes aa lesions 
to be cu'efutly distinguished from them, " small white superficial iilanda 
" consisting of fattiJy degenerated \i\er colls, which resemble nodules, 
*' and measure Irom one to two millimkres in breadth, and are as much 
" as two millimetres in depth." When true nodules occur, ho fiuda 
that they consist of a semi -transparent material, which has the aai 
appearance as those which occur in the lungs, and that tbny I 
associated with a more diffused alteration in the structure of the orgMl, J 
which he describes as "on inflammatory condition," stating that Icl 
consists of " a ceil multiplication of the intei'stitial connective tiani« of'l 
" the organ, in consequence of which many of its lobules bccomo f 
" atrophied." Of these reramkablo lesions only one exninple, howerer, \ 
is given, It is that of a guinea-pig, which had been inoculated foOT 1 
months and a half previously with firm iufiltrated pulmonary ttib«rcl* ] 
of a patient who had died of phthisis in the third stage. The conditioB I 
of the liver is described as follows ; — " The liver is mucli enlargud, tad \ 
" weighs 57 grammes. ... Its surface is of uniform appearance, and 1 
" pinkish gi-ey colour." In several parts there are patches ot I 
" inegolarly rounded form, which occupy a space of half a square J 
" centimetre, and look as if they were produced by the fusing together I 



' of the iJioiiU wliilo ptuulies," of which nuiuy are ^atUirod over iha 
surface. " TheiKi depoaits ore atniDed iuteusely yellow witli bile, while 
' iheir secEiuuol durruL'&j ure yellow, smooth, aud gliateniaj;." The 
EccCioual aurfiu'ca of tlie reel of thu urgsui are uiao emooth. The true 
' infectiun Qtidutee," ubova referred [o, show thciii»clve» iu buch sectione 
us new deposits uf u pole red eulour verging luwanls grey, in close 
nppoaition to eauh Other ; tio (hut thu bunds of redder aud more vuscular 
material by which lliey ure sepuriited from cuch othitr do uot exccal a 
raillimetru in extent. The consiatcnco uf the urgui hi denize, but it J* 
eo dense as a huuitn cirrhotic liver, which iu its oKlerunl form it 
resembles. Jlicroacopical sectioua show that hci-e uud theio iheru arts 
groupt of livor cella iti an unaltered state, ainoug which, however, a few 
coalaiu minute granules of fat. The rest of iho or<;uu cousislB, in great 
mesaure, of " a newly-formed tissue, whieli is of a palu colour, uad 
* clears on the addition of acetic acid. This tissue cshibita iiuiuiuerable 
' minute nuclei of various coutoors, which lie very close to each other. 
' The tissue is rich in fibres, which run in all directions ; and in con- 
'' sequence of its existence the hcjwtic lobules iu many parts arc reduced 
" in eiie and atrophied." 

Of the aitcrutiouB In the spkeu, IVofcssor Lehert gives no delailcd 
de^rription. Iu suppurated lymphatic glands he found smali nodules of 
cell proliferation, which closely i*eaerabled those found in other organs. 
The nodules were entirely free from suppuration. More generally ihc 
le«ou consislvd in simple hypeqilustic inlillration. Next to tlie lungs 
ind liver, the lymph glands were the organn most frequently infected. 

The inaugural the»s, already quoted, of Dr. Houstau, contains muiy 
imitortant and interisLing aiialomicul observations, paitjcularly those 
relaliug lo the lesions found in the peritonaeum iu the rabbit, and to thv 
reeultii of his suceeaaful inoculation of the do^ (see pp. 40 and 48). 

In one of the rabbits inoculated by Dr. Koustan, whicli was killed two 
months after, the existence in the mesenleiy of grey nodules as large as 
pin heads, and surrounded by radiating liues of thickening, afibrded the 
only evidence of infection. Each of the smaller of these nodules was 
found, when examined after hardening in chromic acid, to consist of 
ovoid nucleur elements i each contained a few fine molecules. The 
nodules ore not distinctly circumscribed, the approximation of tho 
individual corpuscles to each other increasing with their distance from 
the centre, while many ai-e found seporale from tho mass in iho 
subserous tissue which surrounds it. Towards the centres of the larger 
granulations the nuclei ore indistinct, beiug intermixed and obscured by 
numerous fatty and other molecules. 

In the tlog the most important results obtained by Dr. Itonstaii went ' 
the following ; — The guatro-hcpatic omentum was beset with numerous ' 
minute gruuulutions, from one to two millimetres in diameter. All of 
these were found lo bo in relation with vascular i-amiflcatiou.v, each 
completely surrounding the vessel on which it was situated, just as a 
Lend eurronnds the thread on which it is strung. They consisted of 
rounded or slightly oval nuclei, iimbeddod in a stroma, which was hya- 
line in the Binallest granulations, granular and opaque in the largest. 
Further, in those pai'ts of the mesentery which appeared healthy, there 
were " little masses of granulation not visible witliout the aid of a lens, 
" which, although they were always found in tho course of vessels, 
'* appeared to be altogether indejicndent in their development of the 
' slrnctural elements of the vascular tissue." On the surface of the 
liver were numerous granulations, from two to four millimetres in 
diameter, the structural characters of which were identical with those 
above described. About n dozen grunulations were fotmd iu the cortex 
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of the right, kidney, some of whicli were inilinry, othei's larger nnil moro 
or le»i opnquc and yellow. Here, ofi in Lhe rabbit, it was found Ih&t 
the corpuBcular i^owth, canatituting lhe smnlle§t gran utal ions, hod its 
seat nnil origin in the connective tissue between the convolnted tubes, 
the epithelium and other structures of whiuh were untUtcietl. lu the 
3 distinct lesions could bo made out, vix, (1) suhplearat 
' induralioDs, whieh, in section, were seen to bo due to "aboomtal 
'■ " thickeuing of the inler-alveo!ar septa," which in the aflfectod parts 
appeared to be covered with epithelial cells, closely adherent lo 
each olher, so as to form an uninterrupted lining to the air vesicle ; 
and (2) more distinct nodules, which consist partly of " nuclei developed 
" in the septa, partly of granular epithelium accumulated in the alveolar 



Section 3, Tueokies. 

We have seen that lhe accounts given by different obHer\-en of the 
nnalomical results of the inoculation of tubcrde are remarkably uniform 
and couaiateut with each other. But in the interpretation nssigned to 
them no sueh uniformity is m«t with- Nor is this in the least to be 
wondered at if we take into consideration the complicated nature of the 
questions involved, the novelty of the fact^ and their apparent antago- 
nism to those notions about tubercle, which have been hitherto regarded 
as the leachinga of experience. 

In giving an account of those theories the precedence is evideully dud 
to M. Villemin, not merely because his experiments were the earliest bat 
becaiurc he is better knosvn in connexion with the subject, at all events 
in this country, than any other pathologist His investigalton was not 
undertaken by cliance, bitt ia obcdieuce to a couviction prcvioualy 
existing in )ua mind that tubercle it a symotie disease. To this con- 
viction he hati been led by the following considerations; with reference 
to which it may be remarked that even if the foots on which thej are 
based were imlispu table, theii' bearing on the question is indirect, 
(1), Tubei-cle, like tlie lymotic disenaeK, is raiiily met with in elevated 
situations ; (2), it is most prevalent in crowded populations and espe^ally 
in great manufftcturing and commorcial towns ; (3), persons who live in 
common and are confined in their dwellings, such as prisoners, inmates 
of monastic iustitutiona, He, are liable to tubercle, while (4), those who 
live in the open air or lead n nomadic life arc comparntively exempt ; 
(o), the frequency of tubercle is greater among soldicra when in tar- 
racks, thfiu in armies iu the field ; (6), those who live with pbtliisieal J 
individuals" In close and ill venljlated dwellings" arc apt to tl 
phthisical ; (7), phthisis, unknown to certain savage races before tliedrifl 
intercourse with Kuropenns, is now their most dcstnictive scourge ; (A]l, 
bovine phthisis prevails most among animals that are coulined Oi 
overci-owded ; (9), the antagonism between phthisis and malaria nu 
be explained on the ground that malarious countries arc sparsely i— 
habited ; ( 10 ), the contagiousness of phthi^s has alwaj's been matter O 
common lielief ; (11), in its development phthisis resembles sevcnral « 
the zymotic matwUes. Thus (a) it resembles typhoid fever so cloae* 
that it is often indistinguishable from it, the resemblance extending n 
only to the phenomena observed during life but to the anot " 
lesions, which in both diseases have thi-ir principal scat in the lympliatie 1 
system. The causes which produce them, anil the ages at whidl J 
individuals are most liable to be attacked, are similar, (b.) The likcH-l 
nesa of tubercle to farcy is still more striking. In the latter i" 
essential lesion consists in the development of graimlatione, anatomid 
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ulenlical with those of tubercle, which hare their seat more frequcuily 
in (he lunge tlmn in luij other internal organ, and in both diseaiiie!! tlio 
Irmpjiatic glaatU andei'go enlargement, induration, and i 
geaeration. The etiological relations of the two we the esinc, while 
the syntptoms are eo much alike that it is ecarcot^ possible to point out 
any differences excepting such as arise directly from the specific 
differeuces of the uiiinals afiecled.* J 

From all the#e considerations Villemin inferred that tubercle ia not ^- Stodtrton 
merely a form of perverted nutrition, but a specilic disea»ie, oue in ii« 
essence, however %-BrLoua in it); manifestations, and that its canse must 
be a specific infecti\-e material capable of transmission h-om the disewied 
to the healthy body, and endowed with the faculty of multiplying itself 
therein so as to reproduce all the original phenomena. Of the truth 
of this inference he regards the inoculation experiments as [iroof. 
" Tuberculofis con be compared only to the virulent diseases . . . 
" Uowthe tubercoloua virus engenders lut>ercle we can no more explain 
" than we cnn how the syphilitic Tirua produces secondary syphilis, 
" The proof of the existence of this morbid principle consists in the fact 
" of successful inoculation . . . Every morbid material is a siruB 
" which when introduced into tlie organism in small quantidcn, detcr- 
" mines lesions which are conslnnt in their character, nnU can bo 
*' shown to exist after the lapse of a cerl«in time in different and remote 
" pnrts of the body in incrca^^ed quantity," and this definitlou Ite hohls 
to be fully applicable to tuboreQlous nistter.t 

Mr. Simon, when communicstiug to tlie Pathological Society liJs Mr. S 
TerificntJon of M. Villemin's e«perlmenia, did not offer any theory of the wri* 
iacts, but was careful lo state thnt his " testimony to the geimineness of 
" the very importsut paihologiea! discovery which M. Villemin chtims 
" to have made" must be understood tobe"subject to such qualrfica- 
** tions M an amended patliolo^cal definition of * tubercle ' may hereafter 

From ViUemin let us turn to the learned and laborious professor of Profeiior 
Bresinu, In concluding his first piiper, Professor Lebeit says that his I*l>«t'» *" 
own results and those of Villemin prove thut in tuberculosis just as in "^'^ 
smallpox, syphilis, and farcy, we have to do not with a simple inflnm- 
maiory process which spreads de proche en proehr, but with a special 
element belonging exclusively to laberculous disease. This opinion is, 
however, expressed with great caution, for says Lebert, " the cxjieri- 
mcntol investigation of the subject is as yet scarcely Iwgun." Any 
mollification of the current etiological doctrines of organic diseases should 
bo received "with the utmost reserve and under the control of a criti- 
cism as sober as it is severe. "J In his second pajicr the autlior displays 
still grenter onwillingness to dogmatise, so that his opinions have to be 
gathered from such expressions as are scattered here and there throughout 
his communiciuions. So far as they relate to the most important nspects 
of the question, viz., the significance of the lesions and tlie nature of 
the (irocess by which they are produced, the following passnges show 
Ihiit Lebert's present views are in givat nieasure opposed to those 
expressed in his earlier paper. As regards the i«ignilicancG of (he lofiiona His more 
he ndmils that the condition of the lung observed in iuoculuied f.nimala ■^*^* coado. 

• .\L Villemin points out, ilint ibc foci that the lito diieases «re snlngimistic is no 
RTgiuneDl af^ast tbcir siialogf , any more llian (tie Batngoninm of vact^inalioa lo 
FiiuUpnx would afford ground for deDyinj; the clow nlliunce wbJch exist* belwtreo the 
lottrr and cowpox. 

{Villemin, loe, cit., p, 583. 
Bulletin de I'Acad. de Sled., torn. 33, p. 15L 
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u anaUuaiuuUy identical with iLat wliicli exists in disseminated 
cbrooic pueomonia aud in ucnt« tuberculosis, but is entircl}' uuwilling to 
regard the fuimation of uodules iu tho luog or elsewhere na coustituting 
new graielh, ihu very notuii; of which he repudiates in the slruugest 
lerais.* In short lie duds it altogether impossible either to defiiie what 
tubercle is or to state what are the limits which scpurote between it 
and ihe products of iDtiuminatioD, and he regards "the whole doctnne 
" of tubercle us governed by iulluuiniution, an luflsmi nation of wtuch 
" the developmeut is tho more rapid, the more unfnvouvabla is tlie cou- 
" Jitiou of nutritiou of the whole body, and of Llie aBectcd tissue in 
" |)articular, while its progress is accelerated by the ubaorptiua ol 
" pathological products or of materials produced by thuii' decompoeilioa. 
" The uiiuule granulations which we recoguixe as tubercle are usually 
'' produced by tho transportation and dissemination of the l)roductfi of 
" an undoubted primary intlammation, which itself may exhibit all 
" transitions between small gi-anular nodules and extenaivo infiltrations, 
" and they are as much loeidiiied in She tissaes belonging to the type of 
" the connective tissue as in the epithelial tisanes. True tubercular 
" granulation is therefore closely ullied to ibe inflammatory pruc^ses 
" fi'om which it has originated, and of which, indeed, it is the prmlucl." 
This appears not only from their development, from ihe mode of 
extension of the granulations, and Irom their relation to surrounding 
parts, but from the chai-acl«rs of tbe more difiused celi-pruliferationa 
which take place in their neigh bo urhood.f 

As regards tbe mode iu which the infection takes place, Lebeit con- 
siJera the influence exerted by inoculation as probably partly chetutcal, 
partly mechanical. A puivly mechanical stimulus appears to him in- 
sufficient to explain the facts ; " the existence of a purely chemical one 
" is not proved, and cert^nly would be difficult to prove, so that it ia 
" only by exclusion that we can judge how much of the observed efiect 
" ought to be provisionally assigned to chemical stimulation, as b^ng 
" inexplicable mechanically.} He thinks it probable that at the point 
of inoculation " an infective fluid is formed from the material inocalaled 
" and Irom tho products of inoculation, which, conveyed through the 
■' lymphatic and sanguiferous blood vessels, enters into corpuscular 
" combinations " (in the blood ?) '' and so produces etimulation and ob- 
" BlructioD. The conveyance of material by the lymphatics produces 
" stimulation and proliferation of cells in the lymphatic glands, laaiu- 
" festiug itself either iu inSltratiou or granulation. . . . Bnt it is 
" through the blood vessels that the organiam ia more thoroughly and 
*' deeply infected. Infective material iu a broken down, more or less 
" emulsive condition, or secondary inflammatory products, are absorbed 
" by the eapilUriea. . . . All these elements pass without difficulty 
*' through the venous trunks, and probably undeigo corpuscular trana- 
'' formation. . . . Having arrived at the right auricle the carriera 
" of infection [which Lebert thinks are probably cells newly formed in 
" the blood] pass into the lungs and for the most part stop up the 
■' capiliai'iea like little emboli. Others, however, go through, and m 
" find their way to the left side of the heart and the systemic circulft 
" tion. For tho moat part they miss the openings of the ascending 
" arteries ... so that Ihe greater number pass into the descending 
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•"Ein jederfiihil sogleich wohin einc 
VerwimiBg fiihren wiirdc," loc, cit,. |j. 56- 

f The above Benlences are ralher fretly irdnslatcd, the peculial 
style being BOeh thai a lilerol rendering would be unintelligible. 

% Lebert, loc. cit, p. STC. 
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" aortA, and thence into the ctcliac axis, whence it hap{ieua timt the 
** Jiver and apleen are mucli more frequeutly iufected tiina the kiUneyB." 

" How ihen dona the infectlou take place ? . , . lu all probabtlitf 
" iho general laws of cell sCimulatiou and proliferation have much more 
" to do with it than speeltic peculiarities of the iut'eative juice ; for it 
** is lo be oheerTcd tliut the esuae ccUs are stimulated to proliferation by 
'* agents of difiereut uature, and ou the other hiuid that thu sume ugeul 
" etimulatea different lypa of cells ; in fact the several ceLLf show no 
" difierencea of type eicepting such as may be accounted for as iljifereut 
*' Btages of progresjiro and retrogi-casivc metamorphosis, Similarly 
" the pixKlucts of the dhiint^ralion of primary granulation or inliltrotion 
" become aew centres of infection, the influence of which radiates and 
" extendi to more distant part!i, so that tlie infeclivu luaterial may 
" increase very considerably in the oi^auism." To explain this cecon- 
dary process as purely mechanical, Lebert regards as " not unphysia- 
" logical ; but the connection of the secondary foci with the primary 
*' focus can ouly be explained by admitting the existence of a special 
" tendency, perhaps a special element of iransmifsion. But let us 
" beware," he continues, '' of identifyiog thu inllammalory infection 
" with which we arc now occupied wiili neoplastic or heteroplastic 
" infucttouB, such aa cancer, cancroid, i&c."* 

In the prccctling paragraphs I have endeavoured to bring together 
Professor Lebcrt's opinions in buch a manner aa to render them inloUi- 
gible. In reading his paper one cannot help regretting that he has 
allowed his views of the nature of the tuberculous process to be «u 
potvcrfally inHnenced by his conviction of its inflammatory nature.'}' 
in t^piCe of his determination to refer everything to nou-specilic tissue 
elimulation, he is obliged again and again to admit that other influences 
arc at work, but does not seem to see that in yielding so much he yields 
alt. Once allow that the stimulus is chemical as well as mechanical, 
*' specificity" cau no longer bo excluded; for clearly if the effect is 
chemical the agent must be a specilic Bubetance, a proximate principle, 
for chemistry does not recognize " icndencies." To admit that there is 
a " besondere* Element drr Cebcriraguni/ " iti the blood, and at the same 
time to deny specificity implies that he whodocs ^ use^ the word in a 
very ]>eculiar sense. 

M. G. Colin, to whom the conunuDicutiouB of M. Vilk-miu to the 
Academy of Medicine in Paris were referred for a report, admits that 
the experiments made by him prove that tubercle is a contagious disease, 
but refuses to entertain bis Lonclusious as to its dependence on a specific 
virus. He regards the whole process as purely mechalli(^al, attributing 
the lesions to the reception of morbid producla into the lymphatic 
vessels, not by alisorption through their walls, but by the "open mouths 
<^ wound:;! capillaries and lyniphatic8i" The course which tlio Infec- 
tive material follows may bo easily traced, especially when pus is mixed 
with the tuberculous matter, by the engorgement of the lymphatic 
vessels and the enlargement of the glands. Its progress is so slow that 
it is not until several weeks have elapsed that it arrives at its dcstina- 
lion in the internal organs, where it assumes the form of little musses 
(amag), evidently regarded by M. Coliu »a products of local iutlnm- 
mation. 

In the discussion of M. Colin's report which took placet on the loth 
of last October, M. Chaufiard, in a speech of great length, compared 
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•X of inoculation to tbe fecund tition of ono tissne by tlie 
if elements enmuating from nnotlier, the fecundated tissue being tberebf 
caused to produce hisUilogical elements not iTsembling its own bnt 
those of the fecundating tisene. The proliferation which occurs in the 
alfected orgoas is due according to M. Chauffiird to a stimulation of 
their stmctural elements, which is strictly local and altogether inde- 
Imculaiion, bff pendent of any general morbid infection or virue. This local stimnlft- 
Or. Amdrrson. ^j^^ si,ows itnelf more especially in the lymphatic glantb, (he lissao of 
which may in fact bo reganled as the " matrix destined to be fectm- 

I dated." It is towards them that the tuberculous matter is conreyed by 

tbe lymphatics; "the histological elements of which they consist (lym- 
" phatic cells or corpuscles) are so nearly allied to those of tuberralar 
" granulations, that most of the German pathologists have regarded 
" them ns identical, and bare considered tuberculous granulation in 
" general as a beterotopical formation of normal lymphatic elements." 
Like M. Colin, M. Cbauffard regards Villemin's esperimcnts as having 
no beai-iiig whatever on the specificity of tubercle ; but be declines to 
follow M. Colin ID his opinion that tuberculosis is contagious. Willingly 
admitting that the local disease is in reality tuberculous prolifenitjon) 
and that the disseminated nodules in the lungs and other organs arc 
tubercles, he denies that " the general affection known under ^e name 
of tuberculosis " is really communicated to the inoculated animaL 
Vieva of Dr. Dr. Wuldenburg holds that the process induced by inoculation connsts 

Waldeoburg. fn the intussusception of finely divided particles, smaller, or at all eveaU 
not larger than blood corpuscles, and in their being deposited in variouB 
organs. These particles becoming lodged in the cajnllaries of internal' 
organs, finally escape out of the circulation by penetrating the TBScnlar 
wall, in which escape he thinks it possible that they may be accompanied 
by colourless blood corpuscles, and thus originate miliary granulationB in 
the netghlsonrhood of the vessels.* He thus holds a position nearly iden- 
tical with that of M. Colin, although his views arc much more clearly 
and definitely expressed. He regards them as applicable not only to the 
results of inoculation, but to the development of human tubercle, and 
thinks Ihat clinical experience justifies the conclusion that in nan as in 
inoculated animals, miliary tubercle is produced in tbe tissues of a^cted 
organs by the deposit of extremely fiue particles previously i-cceived into 
the bloo'I-vessols, At the same time be admits that this mechanical pro- 
cess does not constitute tbe essence of tul>ercutosis, for without refereacA 
to the facta whicb show phthisis to be a diathetic disease, its bcreditsij 
ti'ansmiseion can ecnrcely be explained unless it be granted that it ' 
sists of something more than anatomical lesions. Like Professor " 
Dr. Waldenburg expi-esses himself with great caution, and conceale 
himself and from his readers his belief in what other people deal) 
the tubercular diathesis, by speaking of an " hereditary suscepti' "" 
stimulation," and so forth. 

From the preceding summary of the views entertained by th* princi 
pathologists who have directed their attention to the subject, it wilj 
seen how numerous are the aspects in which the results of tubercle 
oculation may be regai'ded, and how complicated are tbe questions wl 
arise out of them. It is important, however, to notice that in 
diversity of opinion there arc certain particulars in respect of wficli 
are agreed. Thus it is generally admitted that the certain result of 
inoculation of tuberculous mailer of whatever kind is to produce cr 

• Dr. Waldenbarg eonsit'ers |)ial the researcheB of Cobnheim have dcRionatn_ 
thr pouibility of the Mcape of blooil corpuscleB ttom tbe caiollBtiei, ind«peiidrBll] 
of niptore. 
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of miliary granulationa in the lunge snd oUior internal organs ; 
gronnlations are nnatoinically idcntk-al willi grey tabcrrle, that iliey 
become yellow tinil opuque, nnU evenluully break down into a soft clieesy X^aI 
maleriiLl. It is furllier admittt-d on nil bands that ilie procem is, «i to Cm^umLj*- 
spcok, a ^If-difiiuive one, thnt in the act of inoculation a new element i« hiHtg of 
iatroducvd into the inoculated animal at the point of insertion, froni which TViorb hf 
it is disseminated to all parts of the body through the lymphatic and i"^^*^- ^ 
&rt«rUl circnlation. " 

At this point agreement ceases. It is neither agreed n-hat the new 
element is, nor what is the nature of its effect on the blood, or on the 
living tissues to which the blood-stream carries it. With reference to 
these ijiiestions we fiud three ricws indicated. They may be expressed 
B6 follows : (1.) The matcrtol introduced consists of microscopical par- 
ticle^ posaeseed of no properties excepting those they owe to their 
hardness, form, and magnitude, and therefore capable of pro*lucing no 
efiects excepting those of mechanical irritulion. (2.) The material con- 
loBls of IWing matter, capable either of growth by assimilation of new 
matter similar to itself, or of causing morbid transfoi-mationa in thelissui-s 
with which il comes into contact ; in either case acting in a specific way 
which cannot be referred to its physical properties. (3.) It is a definite 
chemical compound which is soluble in the blood plasma, and has s special 
and exclusive action on certain tissnea, particularly that of the lymphatic 
glands and other analogous structures. 

Practically, the first and second of these propositions are the only 
important ones ; for, although Professor Lebert has suggested the co- 
operation of a chemical with a mechanical action, he has given no 
explanation of his meaning. That it is possible to conceive of sucli 
an agent as is described in the third i>ro|>osition can senrccly be dis- 
puted, but the extremely small quantity of the material used, taken 
together with the postponement and protracted dnration of the results, 
are facts of which no intelligible chemical explanaiiou can be given, so 
that tlie issue may be nairowed, so far as relates to the origin of the 
morbid process, within the limits indicated in propositions 1 and 2- 
If, on the one band, the lesions can be fully accounted for by the 
entrance of minute particles of hard, but absolutely insoluble and 
innocuous material into the artei'ial circulation, we are bound to accept 
this explanation as the simplest, niid to admit with Prof, l^cbcrt that 
the gmnulatioQs are merely circumscribed iuflanunntions. If, on tho 
other hand, none of the efiects can be explained on this mechanical 
principle, little seems to be left to us but to admit thai the coutagium 
of tubercle acts in the same way as the coiilagia of the so-called specific 
diseases. Zostly, if the distribution of the granulations and their 
•«imilarity to those produced mechanically, should seem to suggest that 
their mode of origin may be mechanical, while other influenres mnuifest 
tlitm-ielves in (heir development, we are perfectly at liberty to adopt 
the mechanical explunntiun, so far as it goes, and to supplement U with 
such other explaoations as the facta mi^ warrant. 



ApfeNDIX. 
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Postscript. — (Miu-ch 31 .) — OTiservatioiis wLich 1 have had the oppoi" ■ 
timity of completing eince this report was in tyi«, afford evidence of ao 
imporlant a character in support of some of thci concliiBione embodied iit 
it, that I pladly avail myself of the opportnnilj which has been affimled 
me of adding the results. 

It ha8 Ijcen found that tf nniinnls are inocntaled with pus derin 
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-^ from llic sccnndarj' abscesses of patiinls affectcil with pjaemia, death 
' apt to occur during the third or fourlh week after ' 
case the results of dissection is as follows : — Abscesses are found at tl 
Beat of inoculation, and purulent deposits in the neighbcun-iiifr snfc^ 
cutaneous tissue ; llieoc, nithough obviously of the same characler j" 
those observed after inoculation of tubercle, differ from thcra I ' * 
larger, more numerous, and more generally distributed. The aub- 
cutaneuos lymphatic glands are healthy, or at mo^t n little enlarged. 
The internal organs are usually free from disease. When this is not 
the case, lesions of an obviously inflammatory nature are foand; as fi 
example, pleuropneumonia, pericarditis, or subplcural or BubperitoaM 
abscesses. If, on the other hand, the animals sunive the primary, i' 
hyKBoic, effects of which theae lesions arc the expression, 
examined several months after inoculation, morbid appearances a 
found in the lungs, liver nnd spleen, in which all the anatomic) 
pcaraclers of a tulierculous proeese are to be recngniaod. 

From these facts it is evident that these lesions can no longer b»l 
regarded as dependent on any property or action possessed by the* 
inoculated material in virtue of its bavin;! 1<^6" taken from the disciuied 
organs of n phthisical patient. This conclusion is rendered ahnost certain 
by the result of the following experiment. On the 29th of October last, 
aetouB of u nil leached cotton were inserted, by means of d needle which had 
not been usedliefore, in the shouldere of two guinea-pigs, which from their 
being entirely white could Ite easily distinguished from any of the other 
animals under observation, all of which happened to have spots of coloar» 
One of these animals was killed on the 28th of December, and waa dis^ 
eected by Mr. Simon and myself. One of the setonswas surrounded h 
A hard mass of semi-transparent substance — obviously driod-up ] 
which was surrounded by connective-tissue induration. The othq| 
abscess wan of considerable sise ; the material contained in it was of tl 
coQsisteuce of cream cheese, and on microscopical esamination t 
corpuscles of which it consisted were found to have the charact« 
represented in Plate I., fig. 9 (see description). The internal i 
were perfectly healthy. The other animal died on the 1 5th of 3 
There wei-o two open wounds on the left shoulder, each of which li 
to a sinuous cavity, containing a small quantity of pus, tho greati_ 
part of the contents of the abacesaee having escaped extomally. 
Both cavities were connected with each other aud with the neigh- 
bouriug scapular gland, which was enlarged and softened, by sub- 
cutaneous bands of induration, and there were numerous purulent 
deposits in the neighbouring luuseles and areolar tissue. Tho lungs 
contained very numerous iron-grey nodules. The liver was much 
enlarged, and presented the characteristic appearances of interstitial 
adenoid deiwsit. In the spleen there were numerous miliary nodules. 
There was enlargement of the agminate glands both of the largo and 
small intestines, aa well as of the lymphatic glands in the gastrohepatic 
omentum and mesentery. In this case, therefore, a pathological process 
which had originated iu traumatic subcutaneous suppuratiou resulted in 
lesions which were characteristically tuberculous. 
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Fig. I.— Section of diseased tiagpe of tbe Uver. In ihe middle of the drawiog !■ 
mea a bile-dacl lined with epitliEliuni. about ^^ inch in diameter, wbicb U cat 
■cross obliqnel;. The duel ix surmunded bv adenoid tissue, the nuclei of vhich 
appear to be contained in the cavities of q transpnrenl loculous itroran. To the left ju,-, ^j." 
this tissue is sepamled by a well defined border iVwn the liver cells, which are TuhmleU 
»nged in oblong masiea, between which there are capillsry blood vosseli. /socirfaWoii 1 

Fic. 2. — Section of a superfleial mihary nodule in (he spleen. The nBlutal surface j^, a,«j ' 

■» cot through Tcrticallr. Towards the upper parf of the drawing, where the tiaine * ' 

■ Dcarlj healthy, (he nnctei are Urger. aod maov of ihem !nok a.s if enclosed in cells. 
^Ke«r the surface they are smaller and more Dumuraiu, so that the tocnii appear to be 
eboked with them. This mnlliplicalion seems to constitute the ooty difference 
■n diseaaed and healthy parts. 

yio. 3 Section ofbealthy lung; the pleural eur&ce is cat across vertically. 

Fio- * — Vertical section of the wall of n minute sobcutaneous abscess. Nearest 
the eavity of tbi* abscess its wall is seen lo consist of closely packed corpusetei, some 
of which, larger than the rest, resemble pus-corpuscles. At a (hort distance from 
the surfsee Uie eorpnsclea are arraoged in oblong heaps, which lie in a faintly 
Ebrillaled stroma. Still further there are nomerous staf-shaped nuclei, aoi dis- 
tingitishable from those of tbe surronn^og indurated connective tissue. 

Fifi. a. — Peribronchial firanulalian nf lung. At the lower part of the drawing is 
seen a bronchial lube Col across. It is surrounded on all tides by an accumulation 
of spheroidal eorpasctuf, which consiilute the kernel of the granutation. The walls 
of the neighbouring alTeoli are ihiclieiied. Above is seen a portion of an artery 
Cdislocated in the section, so that it lies on its side), and lo the left another artery, 
which is much smaller. Each 15 inrrousdcd by its adventilia, the structure of which 
appears lo be naaltered. 

Fic G, --Section of iron-grey induration of lung. The pleural surface is cut throogh 
rertically. Tbe alveolar cavities are rompletely filled with nests of large nucleated 
cells, most of which contain pigment granules. The alveolar [Jssne is only slightly 
■llered, 

Fio. 7. — CVeantf pus from a snbculaneoos abscess. The smatli-r spherical 
corpuscles resemble those of normal human pns. The larger ones have the characters 
of glomeruli, and are scarcely affecled by dilate acetic acid. 

Fig. B. — Action of acetic acid on the nmailer corptiscles. 

Flo, 9. — Pns eorpnsclea from a caseous abscess. When acted on by acetic acid. 
l!teir ontline becomes more defined, but their appearance is otherwise Dnaltered. 

Fig. 10 — Cretaceous granules fraai nodules in the spleen. 

T*nt.E OF MEABmEUENTS. 
^SnbcDlUieous tissue : 

Spheroidal nuclei of indurated connective tissue - 

Spheroidal corpuscles of pyogenic membrane (sec Fig. 

Pus corpasclet (see Fig. T) 

Glomeruli - . _ . . 

I IinngE : 

Spherical corpuscle* of granulations (see Fig, B) - 

Nuclei of inter-Blveelar thickening, about 

■Nuclei of intra-alveolar cells CFig. 6) - 

Inlro-alveoUt cells - . . - 

■^ Nnclei of adenoid growth ■ - - - 

^H Kuclci of llver.cclU ... - 



n Kg. a. 



Nuclei near lartBC^ in section ie| 
Kuclei further froni surface in llie some section 
Peritonicum ; 

Nuclei, mostly oval, constituting perivascidargranu- 



latloBS iu 
Occaaioaally much larger nuclei 
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1. Generally, of Ihe SpeclroBcopc and it« uses - - . 

2. Spectral pheDomeDii of the blood, its pbytiologrcal and pnlbologieat 

changes, particularly those eSected by poisonous gases and 
fluids ) iU changes by ahemical ageals - - - - 

T. Atomic weights and decompositions of the albuminous subsiancus 
VL The bile, chiefly with reference lo its colouring mailers 
VII. The urine, cfaidly with reference lo its colouring malten 
Vin. Studies of the nrine in Morbus AddiBonii - - - , ■ 

IS. Cglcnli arising in the urinary bladder in typhus - ■ . ; 

X. On Alcohol, in retaUon to the chemiattj of the human body - - ; 



I, — Relations of the Subject to qkneral Chemistby. 

Tho liroud object of tlie researebea to be reported on iu the foJIoiring 
pages ia to ndvnnpe the knowledge of libenae bj Buuh new diemical infor- 
mation DS mar be catablJBbcd with certainty. Mere quantity of reaalt is 
regarded as of Becondary imporlnnco ; and if, nevertheless, tho reeonrcbes 
should appear to spread over a very largo ai'ca, it must be remembered ', 
tbtit none cluim to be coDHidercd complete which are not expressly put 
forth as aueh. And tho method njmn whieh all the reaearcbe-s are 
couductt'd is to bo judged only from tho finished irortions; it being 
implied that a Bimilar completion is to be giwn in the fuluro to 
subjects appearing at present only in outline. Of finished portions, 
the essays " ou cholophieine," "on biliverdiue," and " on tiromelanine," 
may be quoted, of which abstracte will presently bo given, nnd 
which were presented in extenio to the Itoyal Society by the Medical 
Officer. The whole of my method may further be seen, applied hurriedly, 
owing to iJio rapidity of the epidemic and external difficulties, in the 
" Chemicjil Reaenrchea on Choleru," pubUshcd in tho annual report of 
Iho Mwlical OtKeer for 1867. 

It has been found irapostiible to exclude phyeiological research, 
although tlic final aim ia pathological information. The chemist ia 
general mainly cnrea for isolation and characterisation of uiell-defined 
' substances. Having in a rasearch found enough of these to reward his 
iiiieution,he would generally neglect the residues. Otring to this practice 
quite natural on the part of chcmiBls, a great part of the constituenta of 
the body ia at present unknown, or imperfectly known. Thus tlie braia 
yielda eercbric neid, but contains also a large bulk of a peculiar compoimd, 
which if able to yield cci-eljric acid, is a complicated compound of 
this matter with other unknown Bubstances. This peculiar comjiound 
is neglected by nil ehcmista who bavo ever made inquiries on tbo 
briun ; the pathological chemist is, however, called upon to deal 
with it, as he cannot form any conception of pathological processes 
of the brain matter before knowing tho chemical couetitution of the 
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whole. Again, of the watery extract of muscles only one-sixth ia 
defined, five-aistlis are uudeSnod. It would be impossible to judge of 
muscular aflections, be they direet and local, or indirect and effected by _ 

nerve -lesions, without a knowledge of these at preaeut undefined k^Tj^^Si 
matters. They have therefore to be studied, us chemists in search of UumMui 
merely of defined bodies would not tarn their atlenlion to ungrateful, b^ Dr. 
difficult, and expensive researches. Thialt'cli 

Physiological chemistry experiences itsmaia difAculty in the change- ~-— 

ublo nature of its objects. Latterly another has lieen added to our fJj , !> 
knowledge which isalmost stupendous in character. It is the extremely phvaio]. 
high atomic weight of the main ingredients of the body ; a weight, tesetreb. 
which in the red-coloured ingredient of the blood rises to 13,000, and 
in ihe bruin probably much higher. Ordinary organic chemistry deals 
with comparatively simple substances, in which the atomic weights do not 
exceed as many tens as in the physiological molecules before mentioned 
there are thousands. The fact that synthetic chemists can imitate some 
simple organic com|>oun<Ig must, when these immensely complex mole- 
cules are remembei'cd, cease to be mutter for very great boasi. And the 
same knowledge haii had a cui'rectivc influence upon a much more im- 
portaut part of our philosophy. We believed that the plant only was 
synlbctical, that the animal merely applied what the plant bad previonaly 
prepared. This however is not tlie cose. True, in seeds there is even 
cerebric acid (or some body very much like il) as well MS In yelks au<l 
brains. But in neither there is brain-matter. In yelks there is tho 
capability for the production of blood, but not blood itself; in seeds 
tJiere ts no blood, and no capability for forming U ; hematoerystalline ia 
the product of the synthetical activity of the animal economy. Both 
plants and animals, therefore, are chemically constructive, but the 
animals build with the matei'iaU previously prcpaix'd by plants ; plants 
construct from inorganic food, animals from the organic food offei'ed by 
plauts or other animals; and ihe molecules which animals construct 
surpass in complication and number of atoms any which plants produce. 

V«r more intricate is the problem of pathological chemistry. It deals Inirioacy a 
with the deviations of tlieae substances which are infinitely complicated, '"^v'^Mri* 
one penetrating tlio other. It deals with processes which (so far as we cbemisBr!' 
know them) ore ever tending to become normal, and which (if thoy do not 
kill) terminate in definite times. The objects of the research occur 
for Ibe most part only accidentally, fitfully, with all sorts of admixture, 
and not at such times aud places so as to favour investigation. If 
physiology seeks a definition of life, pathology is held to aid in tliis 
search and the search ofiei' the nature of disease at tho same time, 
And if it were only an inquiiy after the destructive nature of diseaao 
it might appeal- simple; but the problem has u physiology of its owu, 
it is synthetical as well as life, for moibid growths must be considered 
syntheses. 

The processes and products of disease obey the same general natural Diseue obsyi 
laws as all other processes aud matters, and in addition the laws of their uatonl laws. 
special causation. Carbon in the smallpox-|iustule remains carbon, and 
subject to the laws under whidi that element exhibits its various pro- 
perties ; but it deviates in function for a wliile by the agency of a special 
interfering cause. In the cose of small-pox this cause is probably 
physical, but in other diseases, such ikS paralysis from terror, cannot 
be so. In a complete system of etiology all manner of causes have to 
be considered ; but iu pathological chemistry, only such causes as are 
chenticaL Therewith all chemical effects from any causes whatever, 
come under eonsideration. DcGoitim ^ 

I define pathological chemistry as tlie science of the deviation of atoms pachalogioal' 

10i71. I. ■""°^' ' 
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from their normal function. Ultimate pathology cannot» I think, be 
cellular, as was claimed by Yirchow, or molecular, as was at one time 
taught by Hughes Bennett and Beale, but can only be atomic ; and if 
a further subdivision of matter in power and place going beyond the atom 
should become possible, then pathology must still be atomic before it can 
be considered by the light of the more expanded theory. 

Although the defiuitions of the chemical terms used in pathological 
chemistry do not differ from those used in general chemistry (as far as 
the subjects are identical), yet it may be useful in this place to shortly 
summarise these terms and definitions, as they occur repeatedly in the 
sequel. Moreover, there have lately been changes in and additions to 
the doctrines concerning atoms and their symbols, and relative weights, 
and powers ; and these it is well to state, in order to avoid the confusion 
which their use without explanation might cause even to persons well 
versed in the chemistry of the equivalential period. 

We define " element " as matter which appears to be chemically 
homogeneous, t.e., which by no chemical means can be separated into 
two chemically heterogeneous matters. The idea of element therefore 
precedes that of atom, and the idea of atom in the chemical sense can 
only exist after the admission of the definition of element. An '' atom " 
is the smallest quantity of an element which can exist in any chemical 
combination. And further, it can exist only in combination, and not by 
itself in the free state. The atom has powers which must be satisfied, 
and if it is prevented from existing in combination w^ith heterogeneous 
elements, it combines with at least one atom of its own kind or element 
differing from it only in quality (polarity) of power. Such a combi- 
nation of two atoms is the type of a molecule, and the smallest possible 
molecule. A molecule can exist by itself or react upon others. It 
may consist of two atoms or any number of atoms (up to 1,895, see 
blood) and the limits up to which the number of atoms in molecules 
may increase are at present unknown. '^ Molecule " we define as the 
smallest quantity of an element or compound which may exist in the fi*ee 
state or enter or leave a combination. 

All atoms possess chemism, polarity, and dynamicity. " Chemism " 
is the liability, or the cause of the liability of matter to undergo inter- 
change, movement or combination, and to transform into chemical move- 
ment such physical influences as those of sunlight. "Polarity" on the 
other hand determines the relative place of each atom in the forthcoming 
combination, and thus fixes the molecule. Let us assume the existence in 
a molecule of hydrogen of two atoms of hydrogen, having, the one -^ or 
positive, the other negative or —, polarity. This plus and minus is to 
signify that the polarities arc heterogeneous, and capable of neutralising 

each other by combination. Let us express the molecule of hv- 

+ — 

drogen by the formula H II. If now to this molecule we bring 
a molecule of another clement possessing the necessary chemism, e.^., 

chlorine, and similar polarities of atoms, CI CI, then a combination 
by interchange will take place, and two molecules, having equal elements^ 

of hydrochloric acid, namely H CI and ll CI, will be produced ; but 
these molecules will have unequal properties in as far as the polarity 
of their elements is concerned; for the one will have plus or positive 

hydrogen H and^ negative chlorine CI, while the other will have nega 

tivo hydrogen H and positive chlorine CI. However slightly theao 
differences £nay affect the ultimate products in their grosser proper 
tiesi they are real and have to be borne in mind in all higUer chemical 
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considerations.* 1 The " dynamicity" of a given atom is the varying quan- 
tity of its combining-power under varying conditions : — ^for instance, the 
atom of iodine is monodynamic in hydriodic acid, where it combines 
with a single atom of monodynamic hydrogen ; tridynamic in ter chloride 
of iodine, where it combines with three monodynamic atoms of chlorine. 
The " dynamis " b exerciseable in multiple directions, but not separable 
as to seat. The unit or minimum of dynamis manifested by an atom is a 
*^ monad." The maximum dynamis which can be manifested by an atom 
is atomic power, and as this is ascertained by relative weight it is termed 
^* atomic weight." The quantities expressing the atomic weights have 
been derived from the circumstance that elements combine in certain 
proportions of unchangeable weights, or of simple multiples of those 
weights, and that these weights stand in a certain proportion to the 
volume which bodies (which are capable of existing as gases) maintain in 
their gaseous condition. An atom of hydrogen occupies one volume, a 
molecule occupies two. An atom of chlorine occupies one volume, a mole- 
cule two. The atom or volume of hydrogen is much lighter than the atom 
or volume of chlorine, weighing 1, while the latter weighs 35*5. By 
the combination of these two molecules two fresh molecules of hydro- 
chloric acid are produced. These occupy the same volume as the un- 
combincd gases previously did. The definition of molecule as two 
volumes of a compound of a gaseous body leads to the knowledge of the 
condensation which elements have undergone during the process of 
combination, and by all other considerations of the properties of atoms, 
and of the specific heats of elements, to the knowledge of the atomic 
weights. These as lately determined differ from the former equivalents 
by the fact that many have been doubled. They are distinguished in 

their symbols by a horizontal bar, thus Qj standing across the middle of 
the letter. As many of these symbols have to be used in the sequel, I 
here give a list of them, together with the dynamicities and atomic 
weights of the elements. 
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Names. 


Symbols. 


Dynamicities. 


Atom, weights. 


AlnTniniom ... 


M 


in. VI. 


27*6 


Antimony ... 


Sb 


1 II. V. 


122' 


Arsenic - - . _ 


As 


III. V. 


75- 


Barinm - - . _ 


Sa 


IT. 


137* 


Beryllian> - . . 


Be 


ni. 


14* 


Bismuth 


Bi 


II r. 


208* 


Boron - . . - 


Bo 


III. 


11' 


Bromine ... 


Br 


I. 


80- 


Cadnuam ... 


C4 


II. 


112' 


Caesium ... 


Cs 


I. 


133- 


Calcium ... 


€a 


n. 


40* 


Carbon .... 


e 


IV. 


12- 


Cerimn .... 


€e 


II. 


92* 



* The lactic acid of milk differs horn, the lactic acid of flesh, not in composition 
but unimportant collateral properties. There are several turpentines distinguishabU 
only by different influence on the polarised ray of light. These may possibly differ 
ftom each other only by some such peculiar disposition of subordinate power (polarity) 
as is illnstrBted in the above example. 
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Chlorine 
ChromUim 
CohnU - 
Copper - 

Erbium 
Fluorine 
Glucinnm 
Gold - 
Hydrogfn 
Iodine ' 
IridiiLoi - 

Luiilianium 

Lithium 

Alogncsiutn 

tlnngane^c 

Mercury 

Moljhdenuii 

Siokel - 

Kiobiiira 

Kitrofien 

Obinium 

Oxvgcn 

ralladium 

I'kosplmnts 



BfaoiIiuD] 

Bubidium 

Ruiheniiim 

Selfnium 

Silicium 

Silver - 

6odIiim - 



Tutuliin 
Tclluiiui 
TbkUiiini 



StmboU. 


■ Djnsmiciii .. 


.llDia. BFlgtltf. 


CI 


I. 


35 -a 


G* 


1 ni. VI. 


5I-& 


G& 


1 H. 


S8-S 


C« 


! 11. 


C3-3 


m 


u. 


gii- 


■Uf 


' 11. 


llS-ft 


Fl 


1 I. 


i;i- 


a 


I II. 


3- 


.Au 


III. 


lt>6-7 


n 


I. 


1* 


I 


I. itr. 


147- 



4* 



Mn 
Mo 

■M. 



V 






n, IV. 

II. VI. 
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Tin 

Titarium 
Tungsten 




1 




IV. 
IV. 

vr. 


118- 

50- 

184- 


Uranium 


- 


- 


U 


ir. III. vr. 


120* 




Vanadium 


- 


- 


V 


II. V. 


51-2 




Yitriam 


- 




:^ 


ir. 


68- 




Zinc 


- 




2« 


U. i 


65- 




Zirconium 


- 


- 


& 


IV. 


90- 





The foregoing system is in harmony with all other facts, chemical 
or physical, concerning elements, because the atomic weights are, with 
three exceptions,* the same as those derived from the law of Dulong 
and Petit, which is to the eflect that the specific heats of elements 
multiplied by their atomic weights give the same product. If 
we term this product '< atomic heat," we may say that these elements 
possess the same atomic heat. Further, the atomic heats of a great Atomic beat 
number of compounds are equal to the sums of the atomic heats of their 
elements. A second great reason for the adoption of the new atomic 
weights is, that they are in harmony with the law of isomorphism (Mitr 
scherlich); and a third, that they are in harmony with the relations existing 
between the density of the gases and vapours and their molecular weights : 
that is to say, the densities of the simple gases stand in the same propor- 
tion to each other as their atomic weights, or, hydrogen being accepted as 
the unit or = 1, the figures expressing the densities of the other gases com- 
pared to hydrogen as 1, are the same as those expressing their atomic 
weights (Gay-Lussac). This led to the law of Ampere and Berzelius, 
according to which equal volumes of simple gas contain equal numbers 
of atoms t ; and to the further development of that law that equal 
volumes of gas contain equal numbers of molecules, and, consequently, 
that the molecular weights of compounds are proportioned to their 
densities in the state of vapour or gas. 

Of the compounds of simple gases several undergo condensation, others Condtrnsatioi 
do not. Thus two vols, of hydrogen and one vol. of oxygen, when com- 
bined, form two volumes of water vapour ; one voL of nitrogen and three 
vols, of hydrogen form two vols, of ammonia gas ; one voL of carbon and 
four volumes of hydrogen form two volumes of marsh gas. From this it 
evident that the greater the number of atoms contained in a molecule, 
the greater must be the condensation of the elements. An idea may be 
formed of the possible amount of this condensation by the consideration 
that a molecule of water vapour containing three atoms fills two volumes, 
while the same two volumes would be filled by a molecule of hemato- 
crystalline containing 1 ,895 atoms, could this substance be brought into 
the gaseous state. 

The development of all vegetable and animal matters is efTected by Synthetical 
progressive condensation. This may be proved to be correct by the methol 
synthetical method. Elements are brought in immediate contact, and 



* Silicinm, carbon, and boron. 

t To this phosphorus, so conunon in the animal economy, and arsenic, form excep- 
tions, ynt&ng both too dense for satis^ring that law, and cadmium and mercury form 
the exception on the oppoaite aide, bcmg both too expanded. 
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influenced by the application of forces which have the power to produce 
chemical movement; such forces are electricity, heat, lights, or their 
conversions, such as pressure and concussion. Electricity may break up 
molecules and foi-m them, and the formation of one set of molecules 
implies the breaking up of others ; but not one or other, but all avail- 
able synthetical powers are required to build up even simple substances 
in the lal)oratory. First elements are combined, then the combinations 
are condensed, then they are brought in contact with others and com- 
bined and simultaneously condensed, then additions are made, and when 
the dynamicities of all atoms are saturated, substitutions are effected. 
These processes lead to the knowledge of functional types, which might 
metaphorically be termed " organs of the chemical idea," or of chemism. 
These types are the following : — 

1. Hydrocarbon (example, marsh gas), Q H4. 

2. Alcohol (methylic alcohol), G H4 Q. 

3. Acid (formic acid), G H, ©,. 

4. Aldehyde (ordinary aldehyde), G* H4 Q. 

5. Ether (mothyl-formic ether), ^ H, Qi^-C H4 O— H, O. 

6. Alcali (methylamine), G H5 N. 

7. Compound metallic radical (arseno-methyle), G H| As. 

8. Amide (formic amide), € Hs N O. 

But with those functional types must not be confounded the structural 
types, which result from successive condensation of the type molecule 
hydrogen, HH, II,n„ H,H„ H.H*, H^H,, H^He, &c., and substitution of 
one or several atoms by an equal number of dynamic monads. Thus by 
substitution of H, in the second type by a didynamic atom (equal to two 
monads) of oxygen, O" (the roman numeral indicates the dynamicity 
as in the third column of the list of elements above given), water 0"Ht 

is produced. When in the third type HsH„ one factor is replaced by a 
trid^'namic atom of nitrogen N*", ammonia N"' Hj results. From the 
fourth type results marsh gas ^^ H4 in a similar manner. From the fifth 

by substitution of one factor by a pentadynamic atom of phosphorus P^, 
and of the second factor by five atoms of chlorine, Clj, the type perchloride, 
results, and so forth to an extent as yet unexplored. These types 
hydride (oxyde or acid or) water, ammonia, hydrocarbon, and perchloride 
may also inversely be derived from the dynamicity of the elements 
above supposed to be substituted, each monad being satisfied by the 
attachment of an atom of hydrogen. The theory of types served as a 
basis of classification and an instrument of discovery in the hand of its 
excogitator, Gcrhardt. For similar purposes it has constantly been used 
in the following researches. 

From the ideas of element, atom, molecule, condensation, andsubstita- 
tion, all types, all series, all chemical compounds derive ; all chemistry 
has the chemistry of hydrogen for its type and unit 



II. — Sketch op Chemical Physiology, and op its Points of 

Contact with Pathology. 

DigMtion. The food of man, variously prepared by mechanical processes and 

chemical operations (cooking), is comminuted in the mouth by chewing. 
At the same time it is mixed with a variety of fluids, some of which 
have chemical powers and predispose the food to a change^ while others 
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serve mechanical objects only. The mixture of these fluids is termed Afpbicdiz* 
saliva ; but however homogeneous may appear that mixture, the pro- """"" 

perties of its components are very various. For the secretion of every ^ ^rk2li4yd 
particular kind of glands, of which there are four, differs, and the sccre- id^tificaHtm 
tion of one and the same gland or set of glands may vary according to ofDu€a§es, 
the agencies which call them into action. Underneath the forepart of h ^- 
the tongue is secreted from one and the same duct the saliva of a gland Thudiehtm^ 
which lies under the tongue (sublingual), and that of two other glands « ,. """ 
which lie farther back on both sides of the tongue underneath the lower 
jaw (submaxillary glands). To collect either of these secretions little 
tubes have to be carefully introduced into the respective ducts, which is 
a matter of some difficulty. For this reason the chemical composition 
of the secretions of the separate £;lands is very imperfectly known. 
Experiments upon animals have shown that these glands can give four 
different kinds of secretion, according to the nerves which are irritated 
for the purpose. One nerve, a branch of the facial, and a continuation 
of the chord of the tympanum, on irritation causes a clear, slightly ropy 
secretion from the submaxillary glands. This *' chordal" saliva contains Chordal ealini. 
about 4 per cent, of solid matters, of which 1*5 are globuline, mucine, 
and coagulable albumen ; 2*5 per cent, are mineral, mainly alkaline 
chlorides and lime-salts ; of these latter the carbonate, dissolved in 
excess of carbonic acid, frequently decomposes in tlie mouth, and de- 
posits crusts of lime carbonate upon the teeth, which are popularly 
called tartar. On irritation of the sympathetic nerve the submaxillary Sjmpatfaetio 
glands secrete an opaque very tough saliva. This contains from 15 to saliva. 
28 per mi lie of solids, amongst which is mucine, and granules or 
roundish lumps of an albuminous matter, and much free alkali. The 
third kind of saliva is that which flows when the submaxillary ganglion Ganglionic 
is made the centre of a reflex action which works by way of the lingual ealiva. 
nerve. This is the only secretory act without the intervention of cere- 
brospinal influence that is known at present. The fourth kind of 
saliva is the " paralytic," or thin watery fluid which is secreted under Paralytic 
the influence of nervous paralysis, caused either by degeneration, or saliva, 
poisoning, or wounds which separate the secretory nerves. Its compo« 
sition is not yet ascertained. 

The mixture of sublingual and submaxillary saliva in man Tnot in Bhodanatei £» 
animals) contains rhodanate or sulphocyanate (also termed rhodanide or saliva, 
sulphocyanide) of potassium and sodium ^ N K S, and G N Na S^ 
recognized by the red colour which iron-chloride imparts to saliva, or 
to the distillate obtained from it with acids. In another part I draw 
attention to a similar reaction of urine, which differs however from that 
of saliva in this, that the body producing it is not volatile. These 
phenomena admit at present of no particular theory. 

The saliva which is secreted l>y the parotid glands can easily be Parotid laliTt;- 
collected by the introduction of canulae into the ducts. It is an 
alkaline, hardly viscous fluid, which contains a little albumen, some 
globuline, a particular ferment termed pty aline, but no mucine. It 
contains much rhodanate, and is the most suitable material for preparing 
the distillate of rhodanic acid. It contains, water 995*3 ; solids 4*7 ; 
of these are organic 1*4; mineral 3-3; of the latter there is lime 
cai'bonate 1*2. The parotid saliva transforms starch into sngar by 
means of the ferment termed ptyaline. This is the only agent in saliva 
-which has that power. It can be isolated by adding phosphoric acid S?'^^!^- 
and subsequently lime to saliva. Ptyaline adheres to the phosphate, ia " y««»«»7- 
washed out by water, and precipitated by alcohol. It contains nitrogen 
but ia not albuminous, refusing to yield the xanthoproteic acid reaction . 
with nitrie acid. The diastase of malt has a simiLar actiovL \x«»i\B. 
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ti'ade fermentations. An intereating and important appliration has I 
lately been made of dJBBtaae by Barun Liebig, for the production of a 
food for infants, and it is piobable tbat the alkaline mixture etipplies 
efficiently the want of plkali and ptyaline in the digestive juices of 
children who are Ijeing brought up without mother's milk, or with 
such as ia not in a healthy state, Diiistase acts best at 66°, while 
ptyaline is destroyed at 60°. An agent similar to ptyoJine is emulsioe, 
or synnplaae of iilmondf, which has been recommended as a dietetic 
remedy in diabetes. But it does not seem to affect starch in any 
way, idthongh decomposing amygilaline and saHcine. 
Oil of bitter 
AmTgdnline. Water. Blmonda. ProBsic ncid. Sugar. 



= C H. O + G H N + G, H„ 

SstigenlDp, Sagar. 



G, H„ N 0„ + 2 H, O 

Salicioe. Water. 

,. • 1 , — ' — , 

C„ H,a O, + H, O = G^ H, O, + C, H„ O, 

In these transformations sugar is a coUnl.eral product, while in that 
of starch by ptyaline or diastase it is the only product. 

Slnrch consists of two bodies, which in (he little granules are 
disposed in alternating layers. The first is granuloae, and has the 
property of lieing coloured blue at once by free iodine. The second i* 
cellulose, nol colonred blue by iodine at once, but only after sulphuric 
acid or zinc-chloride has been allowed to act upon it. When unboiled 
starch is mixed and digested with saliva for days, the granulose ia 
dissolved out of the corpuscles and transformed into dextrine and sugar, 
and the cellulose only ia left. At higher leraperatures this also is 
changed. Boiled starch is more easily transformed, as the granules are 
burst and admit the altering juices between their layers with facility. 
The first symptom of the addition of saliva to boiled and cooled (to 
40'' C) starch or pap is increased fluidity, indicating the formation of 
Bolnhle starch and dextrine. At a later period only sngar is formed, 
according to the following formulie : — _ t' "Ij ■ 

Starch (Bynonym=nmylon.) . . . . G, H,. Of 
Solnhle starch • - . I ti r i . l 

Dextrine . . ■ ./ The sMie fonnula as starch. 

Dt.tric.. W;,l.r. Sugar. 

Amongst the products of degenernlion of the spinal marrow in 
locomotor ataxia, there are bodies resembling starch corpuecles, but 
consisting entirely of cellulose. 

I had an opportunity afforded me of examining such a case, in which 
the sense which in physiology we now term the sense of pressure wm 
almost entirely lost, whilo the sense of pain and the sense of heal and 
cold persisted. On examining microscopically, and by means of sul- 
phuric acid and iodine, thin sections of the spinal marrow, I found in 
vai'jous parts of it agglomerations of blue bodies imitating in a remark- 
able manner wheal-storch coloured blue by iodine. The term amyloid 
is perfectly correct as applied to this particular degeneration. Thfl 
reaction of these bodies, however like to that of amyluin, is not (hat 
of amylum itself, for amylum is coloured blue by iodine alone, wMle 
these bodies require the concurrence of siilphnric a«id and iodine. 

The secretion of l!ie salivary glands mixed with the mucus of 
the inemlrnnea of the cavity of the mouth, secreted by little folliolea, 
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f constitutes mixed aaliva. Tliis can be cotlected in (ju&nti^b7irritatin>; Appksdix, 

the fauces with a feather, aod producing Tomituritions. It does not 

reduce alkaline copper solution, but retains a little copper oxyde in - iVirmia 
solution when copper salt and alkali only ore added. It transformH jjt^tiHeaA 
Etarch into sugar, so that chewed pap after some standing, with copper nf Diuatt 
eulpfaate and caustic iwlosh, at 70° C, yields re<l copper Buboxyde. It b^ Or. 
does not change cane-sugar into invert sugar, nnd thus differs from yenst. Thiidkhia 
The quantity of mixed saliva seci-eted by a man in 24 hours variiis 
between 300 and 1,500 grammes ; it may l>e greatly increased by 
excitants, and irritating medicineK and poiaons. 

Little is known of saliva in diseases, bnt the investigations of the Saliva in dii 
future promise results. In diseases, such as salivation under the influence ^"^^ 
of mercury, rhodanalea disappear. The saliva then contains mercury. Anmnalons 
Many medicinal salts pass easily into the saliva from the blood, such as 8''^"'S''t'' 
iodide, chlorate of potassium, imd when used long in quantity produce 
ealivation. In diabetes the saliva contains lactalea, but no sugar. In 
the paralytic saliva of hysteric persons leucine has been found. Acid 
saliva seems to conttun lactic aciil, and is of course anomalous. Th^ 
presence of urea baa been alleged, but not proved with certainty. lu 
hydrophobia the saliva is the bearer of ihe contact-poison by which the 
disease is propagated to other individuals. 

Wliile the saliva influences starch as indicated, and does not lose ita ?'?!!;'''^ "'' 
action by the admixtui'e of acid of the concentration of the gastric juice, 
it certainly docs, under ordinary circumstances, not transform the 
whole of the starch into sugar. The gastric juic« does not influence 
starch, the pancreatic juice to a trilling degree in the same sense as 
saliva. Deductiug all sugar and luetic acid to he met with, it is 
necessary to assume that other products are forraod, which yet elude 
analysis. Uo any of these products find their way into the liver, and 
are these transformed into glycogen ? 

Glycogen is a kind of dextrine, which was discovered in the liver by Oljeogen of 
Bernard and Ucnsen. It occurs in three forms, of which one, of the "'°''"°' 
formnia G, H„ Oj, is powdery, two others Gj H„ ©, nnd Ge U,, 
O, are gummy. It polarises to Ihe right four times more intensely 
than dextrose sugar. With a solution of iodine In iodide it gives a dark 
red colour. It dissolves copper oxyde without reducing it. By sul- 
phuric, nnd hydrochloric acids, saliva, pancreas juice, serum of blood, nnd 
cold prepared extract of liver, it is transformed into dextrine and 
ultimately into sugar. Many physiologists have endeavoured to explain 
the source nnd destination of this matter, but as yet without any very 
complete success. Regarding lis origin, it has been found that it couid 
not be formed from sugar, as the portal blood did not contain nny. It 
was not formed from fats. Animal food enabled animols to form it, 
whence the conclusion waa drawn that glycogen originated in idbumen. 
Seeing that the liver decomposes albumen, as proved by the conatitution 
of the bile, this idea has much in its favour, but the experimenls upon 
which it is based admit of different interpretation. Muscle frequently 
contains dextrine, always inosite (a particular kind of sugar), and lactic 
acid, All these might enable the liver of the animal which eats the flesh 
to form glycogen. At present it is at least unccrlaio from which material 
the liver forma glycogen ; possibly it is formed out of starchy and albu- 
minous matters at the same time, at least most of it is formed (up to 12 
per cent, of the weight of the liver in fowls) when these two kinds of 
food are digested together in large quantity. 

Aa the dead liver was found to iranafoi'm glycogen quickly into sugar, Destiny of 
and as some sugar could be found in heijatic blood, it was concluded glycogen, 
that glycogen is transformed into sngar, and passes into the blood, to bo 
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there oxydised or dianged as leqiiireil. This liew, 
baeed an entire ihooiy, colled ihut of the gljcogenet 
liver, waa received for some years by physiologisU in general, ual.il one 
□fits greatest admirers, Pnvy, believed that he hod diseovered it ta be 
erroneoua. According to him no sugar is mode in the liver in the liring 
healthy body. I showed that his experiments admitted of »mch variation 
ns to prove either hla or iiernard's doctrisc. At pri^sent the bulk of 
erideDco goes to show, that as a portion only of the starch 
tines is transformed into sugar and piwisea into the i-'liyle, so a portion 
only of the glycogen of the liver ia transformed into sugar and passes 
inf4] the blood. Quanlitative experiments on a large sciile, eombined 
with the chemolytic method of research, will alone be able fiaall/ M^ 
decide the mattci's under discussion. 

When sugar in considerslile quantity exists in the blood, the body 
cannot deal with it, and excretes the sugar unchanged. Such a oon^- 
dition oouslitutes the disense termed diabetes, which appears to be &>! 
much more complicated disease than its main symptom takea tilraMi 
would seem to indicate. The oxydation of sugar only is diminished 
not accomplished, that of the albuminous substance and fata isratluci 
increased, someiimes enormously SO; therefore the carrying power tifttik' 
blood corpuscles for oxygen cannot be diminished, as has been supposed 
lately, at Ica^t not iu fdl cases of diabetes. There must bo a perversion 
of cheniical agency, ad proved by the appearance of lactic acid in 
the saliva uud of acetone in the stomach and the urine. On the whole 
there is at present neither a plausible theory nor a rational treat- 
ment of diabetes, on evidenced by iho fact that noted physicians now 
maintain that diabetic patients eating promiscuously evervthing 
are better off than patients who abstaii; from starch and confine 
themselves to the anamylic diet so elaborately pivscribed by Bi 
ehardut. The sugar may be maile in the liver or in the mnscles, it 
may he the cttcct of a change of nervous intiuence (as snggealed by tlis 
artificial diabetes of aoimals after wounds of the fourth ventricle of ths 
brain), or of a failure in the supply of a ferment capable of transferring 
oxygen to it. The sugar when once in the diabetic blood appears not 
to be increased or decreased by standing of the drawn blood out of the 
body, the blood consequently contains perhaps no glycogen. This was 
ascertained by a special cxpertmont, suggested by the medical officer, 
made upon the blood of a diabetic patient at St. Thomas' Hospital. 

The comminuted food mixed with saliva arrives in the stomach and 
excites this organ to a mechanical and chemical action, termed digestion. 
The many little rennet glands situated in the walls of the stomocb secret*. 
a liquid termed the gastric juice, which in man contains 994-6 pro mill*] 
of water and 5'39 of solid and permanently fluid ingredients other thed' 
water. Of these 30 are pepsinc, 0'2 hydrochloric acid, with whick 
perhaps a small quantity of lactic acid is mixed, and chlorides of the 
alkalies, with some phosphates of earths. Singular is the presence of 
some calcium-chloride in the Juice. The juice has mainly been examined 
as obtained from persons who by accident had fistulous openings in their 
stomachs, and upon dogs upon whom such fistulas hod been formed hf. 
operative interference. It led to the formation of artificial juice, whtcft 
requires, however, the addition of natural pepaine,and is therefore onlfi 
in part artificial. It sorres, however, for the purpose of etitdyin^l 
stomach digestion upon many kinds of food, and of supplying a kind of' 
remedy in diseased conditions in which the natural juice is supposed tO 
be deficient. 

This gastric juice possesses the power of dissolving or reducing to ft 
liquid state albuminous substances, which are cither by prepufttioil, 
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\ flnch BB boiling, or by nature, insolable in w&tor. Albumeo, 
fibrine, synlouine, the slbuminoua snlistaneos of vegetables, gluten, anil 
the eollttgene tissues or gristle, are under tlie influence of gastric juice, 
or of u mixture of pepsine aud liydvochloric acid, dissolved to Ihickigh 
somewhat turbid mallei's, to which the name of peptones is given. 
Pepsine may be isolated bymeebanicnl precipitation in the same manner 
as ptyaline by adhesion to phosphate of limf. It ia not itself destroyed 
during digestion, but is capable of transforming gretit qaontitica of 
solidii into fluid by that myateriou.? influence termed contact action. "P*""^' 
When the juice is saturated vfilh peptoues it ceases to act, btit an 
addition of dilute acid fluid enables digestion of uewly introdiined 
ftlbuminoua matters to be efli>cted. The secretion of the hydrochloric 
(and lactic ?} ncid from the stomach glands is a ehcmolytic process by 
vhicb chlorides of alkalies are split up into acid and base. Of this 
action I shall show the completion of the circle in the biliary function 
immediately to be described. The origin of tlie pepsine is the blood, 
but which ingredient of this fluid yields this curiouR substance, which is 
BO different from albaroeo, cannot be told. In the etomoch digestion 
saliva by ita ptyaline forms some sugar, the gastric juice fluidifies the 
albuminous matters, the fats are miide fluid and liberated from iheir 
tissue connections, vegetable structures are variously disintegrated, and 
the whole is mixed with water and a small amount of air carried down 
in the process of swalloniug. Other decompositions, as yet imperfectly 
understood, also take place, as evidenced by the strong odour of tbc 
digested matters, and at last the homogeneous mixture of matters, termed 
chyme, passes through the pylorus into the duodenum. 

The ingredients of chyme are starch, "ugai-, fat, and peptones, or if Clijme. 
only animal food had been eaten, fat and peptones alone. There arc PtptouiH. 
also undigested pieces of flesh, albumen, caseine, constantly present. It 
is at present impossible to say what these albuminous matters are. 
Some physiologists say there is only one substance, others that there 
are five and more, the statements as well as the experiments upon which 
they are bnsed being quite irroconcilenble with each other. None of 
these researclies have ns yet been carried out by means of the quantita- 
tive analytical chemical method, excepting the comparison of the com. 
position of the peptones with the originni matters. It was found that it 
■was almost unchanged. The peptone solutions arc not coagulated by 
boiling, but precipitated by absolute alcohol. They give Millon's reac- 
tion with nitrate and nitrite of mercury. They diffuse easily through 
parchment paper (dialyse) into water, exhibiting a property towards 
membranes of the utmost importance for absorption, which albumen 
possesses only in the very slightest degree. Optically they arc 
characterised by turning the plane of polarisation towards the left. 

The coagulation of the milk in the stomach, or by rcnnett out of it, 
is supposed by some to be due not to pepsine, but to another ferment 
■which transforms sugar of milk or lactose into lactic ncid, and precipi- 
tates the soda-albumen or caseine. This matter is problematical. 

The quantity of gastric juico secreted daily in the human stomach 
has been estimated at 10 per cent, of the body-weight, or 16 lbs., 
other direct observations however lead to 30 lbs. 

During digestion some gases, consisting of carbonic ncid, hydrogen, Gases, 
and nitrogen, are not rarely formed from the digesting food. This may 
become a distressing symptom in disease. 

Duodenal digestion is a continuation of stomach digestion under nuodenal 
greatly complicated circumstances. For the chyme receives mlditions of digi^snon. 
bile and pancreatic juice. The physiology of these liquids has been 
studied apoa fistulous openings ocourriug accidentally in man, or pro- 
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duced by art in antniHls. The eecretor^ acts and influences are t 
doubt well known, parLicularty their variations under several condit' 
But the employment of the accreted matters is by no meana so e 
dated as to be capable of satisfaclory theoretical representation. 

' pancreatic juice has probably three functions, of which one U the con^ 
pletion of the solution of the pieces of meat and albumen, which issue ft 
the stomach with the chyme; another is the decompusiliou of fat into" 
glycerine and fatty acid ; and a third the emulging of neutral fat and 
transforming it into a subdivided condition, in which it may pass Lhroagh 
the pores of the mucous membi'ane into the chyle-ducts. It also traosforau 
a ^rnall quantity of starch into sugai*. All the properties are only pcM* 
flesGcd by Juice which is abstracted from the pancreatic duct of an 
animal during full digestion, or front a reddened pancreas. This jaioa 
is tough or viscid, and contains 10 to 11 per cent, of solids, while tLe 
juice which is obtained from a permanent fistula haa only five per cent, 
of Bolids, and lacks the power of digestiug albuminous fragmenta. It 
is probable that this deficiency is caused by a degeueration of the gland 
consequent upon the operative interference. The juice contains aa_ 
albumiuous matter at present undefined, possibly some mucine, moeUjd 
leucine, which is present in the pareuchyma of the gland in jafgofl 
quantities, and is more or less alkaline. |J 

The liver has an obvious function, and that is to secrete bile. It 
seems almost superfluous to make such a statement, but the views of 
physiologists regarding this organ have so often been perverted that it 
is necessary to recur to elementary principles. The error regarding 
the function of the liver which has crept into physiology has mainly 
been caused by the discovery in it of a substance which has the capft- | 
bility of being trausformed into sugar, namely the abo^e-d escribed I 
glycogen, also called hepatine, or liver -dextrine ; and in coaHequenCA 
of that in itself remarkable and interesting discovery it has generally 
been believed that the main function of the liver was that of forming 
sugar. We know now that such is not the case.* The main function 
of the liver is one of considerable intricacy, and essentially connected 
with the groat features of the process of digestion. 

Digestion in the stomach is produced by a process tn which of 

'' chemical ingredients hydrochloric acid takes a main part, lu tlie dog 
this hydrochloric acid is so strong that the hardest bones are absolutely 
dissolved. In man such a solution of bones cannot easily take place, 
but they are certainly corroded when they are introduced into the 
stomach. The acid which dissolves them in Uie dog is hydrochloric acid 
only ) in man the acid is probably a misture of hydrochloric and laati« 
acid. But although wc find in the economy chlorides everywhere, si 
lactates constantly in the chyle, yet we do not meet with these acida isj 
the free state. Wo are therefore obliged to assume that in the wallsof tb^f 
stomach a chemical process is constantly taking place by whi ~ 
hydrochloric and lactic acids ore being formed. This process li 
simple, consisting in the separation of the chlorine from the < 
chloride (or common salt), and the combination with it of a t 
quantity of hydrogen. This hydrogen is derived from the water. WlMt^ 
then takes place in the glands of the stomach may be stated to be a | 

• Sec Ibe articles of Parj on this subject, Gu/a Hnsp. Itep. 1858. i«. p. SRI : PML 
Transact 1860, p. 59.'.. noil my crilical eipeiimeiitj in BriL Med. .loomal, Vol. L 
1800. Inlhcae kiter Ibc snalytical method DO<r generall; rotlnved wu flnt lusl 
and pnbliihed ; it waa a«enrarda adopted by Pnvy. Bcrnnrd, Kiihne, Bod otbwt. 
ForconfirmalJonofllie variable rcsalts see Mciasner, Jahresherichl ITii-, 1862, p.SIH 
et M<\. Bitltr, Amjlum nnd Zucker in der Leber. ZeitBchr. f. tax. Med. 24, W- 
EDlenbuTg, Joum. rur Fiact Chem- 103, 108, 1868. 
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' Ki>1ittiiig-ap of Wftter and Bodium chloride, and cross comhioBtion of the ArrrMiix. 
I elemeiilB to hydrochloric acid on the one »idc and sodium hydroxyde " 
' tbc other. 

HQ, + NaCI = HCl + NallO 
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CummoD Salt, Hydrochloric acid. 
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Sod. liydroKj'de. 
Tlic lactic acid te produced from lactates in a similar niRnner, and in 
tlic Tormula of its formation the place of chlorina in the foregoing 
fontmla would be occupied by the formula CB,0, of lactic acid. This 
is simple nod certain. But wc find in the body no caustic eoda, or 
sodium bjdrosyde, and wo are therefore driven to inquire what 
iKCornes of this caustic soda so produced. 

Before it is carried away from the gastric glands by the blood, a part ^'hy ili« 
I of this sodium hydroxjde has an important function lo perform, namely, Biomath doci 
I to protect the stomach against the corrosive action of its own accretion.* ""'. 
It keeps the blood and tissnea more alkaline, and prerents the acids ' 
and pepsine, which have become more energetic aller aecrclion and 
mi^tture with the peptones, from corroding the texture of the stomach. 
(Sncli coiTosion immediately lakea place in cases where the supply of 
blood lo a part of the stomach is interrupted, or where food remains in 
the stomach undigested after the secretory energy has passed away ; 
gastric ulcer, hematemeeis, chrouic dyspepsia, or painful digestion with 
follicular erosion, and other pathological conditions, are produced in this 
way.) The sodium hydroxyde ie soon transformed into carbonate in 
the blood, and passea through the gastric veins into the portal, and 
thus into the liver. When we analyse bile and add to it a quantity of Bil; 
acid, we precipitate certain matters, namely, the biliary acids formed 
by the liver, and the cholophceine ; and if wc evuporale the liquid we 
gel a luvge quantity of sodium combined with the acid which we havo 
added. Supposing now that the acid added was hydrochloric, we 
find at the conclusion of our experiment that sodium has been com- 
bining with chlorine and that wc ha%'e sodium chloride, and that the 
hyrlrogeu of the acid has again combined with oxygen (hydi'oxyl) and 
formed water, 

NaHO + HCl = NaCl + U,0 
That is to say. by boiling bile with hydrochloric acid wo reproduce the 
cMoridn of sodium which before has been decomposed in the walls of the 
stomach. In our food we take no salt of sodium combined with biliary 
acid, or any acid that can bo transformed into it, We take many sub- 
Btiiiices containing sulphur and nitrogen which can furnish the biliary or 
special organic part of die bile, but not the soda salts contained in it. 
Their production is just the function of the liver. The liver splits up 
or clicmolyses albuminous subalances or albumen into products of which 
a ptirl is at present unknown, another part, however, well known under 
tliir name of biliary acids and coloured ingredients. Tliey are tauro- 
rhulic acid, glycocholic acid, cholopliteine,bilifuscine, biliprasinc, choline, 
and cliojesteriiie. 

Taarocholic acid (€,0 H,g NO, $) contains all the sulphur of the 
bile. By this ingredient it manifests itself as a derivate of albumen, 
which also contains sulphur. Glycocholic acid (G,o ^^43 Nt*,) is nitro- 

• TWs function was clearly developed and utatid by me in Bril. and Foreign 
Ued- Chir. ReviGV, Oct. ISGl. p. 129. At a luter period il vai made (he themo of 
■ome intertniDg eiperimeDta! iiiquiriea by Fbtj (I'bitoi. Tnmsact. lafis) wbo wu, 
however, aol aware of my publication on the subject. 



graouB oiJy, onii free from sulphur. Both nclda yield by chemolyna H 

acid free from nitrogen and sulphur, cholic scid {G-^^U^^i^^). But tl 

OaChanical aulphurelted acid yieldii aa the second product a body containing sll the 
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sulphur mid nitrogen of the original acid, taurine = dU 7 N4f^S^= dehy- 
drated isfethionatB of ammonia, oud producible from Kueh ; Trhile the 
other compound ocitl yields us the eecond product of ita cleavage glykocdl 
or amido-aceliu acid, GaUsNOj, which is producible nrtificiallf by 
various proceasos. The rational vonstitutiijn of the smaller nuclei is thus 
shown to be well known ; but the aamo could not bo said of cholie acid. 
GlykocoU appears in au excretion as hippuricacid (in which it is coupled 
with benzoic) but it is at present nncert^n whether tliia excreted 
glykocoll haa previously taken any share in the composition of bile or 
uot. Taurine, however, is consumed in the body, and its sulphur appean 
In the excretion as sulphuric acid. 

As the chemical nature of cholophitine, bilifuacine, and Inlipraeiite hi 
only lately been evolved by my researches, I refer to the extracts of U 
technical papers, giveu in the subsequent pages, for particulars, 
chemical composition is now better known than their physiologtoi 
meaning, which remain for future inquiry. Cfaolesterine (-QjaH^^ 
occurring in the brain and blood is no doubt excreted by means of tl 
bile. It is a pulydynamic alcohol, capable of forming ethers analogoa 
to fats. Coloured matters and cboleslerine are the main readiies i^l 
certain diseased processes ivhiuh terminate in the production of calcnluJ 
In a degeneration of the liver, called bocony, considerable quantities flcfl 
cholesierine remain stagnant in the parenchyma of thut organ. ThVl 
clioliue of the bile is an organic base of the composition 6, HgiXO. Itiif 
perhaps idonticiU with neurine, a base obtainable from cerebric acid. 

The biliary acids yield a particular test, called, after its diiw^uvcrer, 
Pcttcnkofer's reaction. When mixed with sugar and sulphuiic acid 
they produce a splendid purple colour. It has been found that other 
acids, such as lithofellic, also yield this test; and I found, further, that , 
cerebi'ic acid yielded it with rare intensity. I tliereforc applied tht 
spectroscope, and was glad to discover some means for the distinction 
of the Tai'iouB acids in the coloured test solution. The biliary acids 
show two bands, cerebric acid and vitelline only one (seo Plate III.)., 
These spectra ore, however, difficult to oljserve, and require sunlight O^ 
oxyhydrogen light for their complete development. 

The quantity of bile secreted in the human body in a day has b , 

estimated at 1,200 grammes, or the bulk which would fill n wine botdl^ 
and a half. Conclusions from quantities observed in animals can on^ 
bo used with caution, as some animals, e.g., the guinea-pig, prodnctt 
enormous quantities of bile relatively to their body weiRht, while d<^ 
and sheep produce relatively small quantities. The production ia a 
likely to stand in proportion to the size and weigh! of the liver (bitfat 
neglected as a physiological factor) than to the weight of the body, % 
which hitherto quantities were almost exclusively referred. * 

^ The function of the bile in evidently like lis chemical coDstitntion 
very complicated. Stored during intervals between digestion, it Ei 
mainly secreted as well a» expelled fi-om the bladder duriug digeatiOS 
and a particular quantity of it during n peculiar episode at tlie end a 
the emptying of the alumadj. On beiug mixed with the acid uf thdi 
chyme, the biliary acids are set free, but :iot precipitated, as the aoluUW 
taurocbolic acid holds the glycocholic in solution. But a precipiti 
of peptones is neverlhelcas produced in the mixture oi' cliyme and Inli 
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This, mixed with tho bile-acids and the biliary colouriDg matter, Appexdix. 

passes aloDg the intestine as a resinous adhesive substance, to be 

altered and made absorbable by the many influences of intestinal rcac- No. 7. 

tion. It is soluble in alkali, and as much of the intestinal secretion ^^ Chemical 
besides gastric juice is alkaline, the transformation meets with no difli • ^"^^J"^^**^'^ 
culty. The peptone then may pass into blood and chyle as albumen * 5„ j),.^ ' 
and fibrinogen and flbrinoplastic matter, but the bile is not so easily Thudichum. 

accounted for. The acids certainly split up, taurine and glycocoll re- 

turning into the circulation, but the cholic acid mainly disappears, ^^t® of pcp- 

without leaving any trace in the blood or chyle; neither contain a trace* *°°*^^- 

of biliaiy matter. In the faeces only occurs a small proportion of the Changes of 

cholic acid, amounting in man to from two to three grammes, being * 

perhaps one-eighth or one- twelfth of the entire amount secreted. Tho 

cholophasine has been also changed and become insoluble in chloro- 

form. We must therefore assume that the cholic acid is already split 

up or chemolysed in the intestine, and reaches the circulation in the 

more simple form of products of its decomposition. The bile influences 

fats and fatty acids in the manner of a soap. It communicates to the 

small absorbing tubes an attraction for fat, so that capillarity raises tho 

fat to a higher point than the same vessel would do without bile. Bile Bile in dis- 

then represents the accomplishment of a purpose which we term chemolysis eases. 

of albumen. But the further uses of bile are numerous and important ; 

the excretion of cholesterine, intimately related to the chemistry of the 

nerves, and possibly a product of their action ; the excretion of 

choline, of which the objects are continuous ; the excretion of cholop- 

hasine, of which the objects are at least obscure. Bile precipitates pepsine, 

and when it regurgitates into the stomach niTcsts digestion completely. It 

therefore puts an end to pepsine digestion in tho duodenum, and favours 

the alkaline pancreas-digestion. In disease the bile may be retained and 

cause jaundice, and slowness of the pulse; or it may be decomposed in 

a peculiar manner and produce concretions ; in man these consist of 

cholesterine and modified bile-acid, and bilifuscine, with cholophieine 

and earths ; in oxen the cholophseinate of lime predominates, and 

modified bile-acid with lime-soaps are in lesser quantity. In pigs 

these calculi contain a peculiar lime salt, which assumes a voluminous 

crystalline form, when the powder is digested cold with alcohol. The 

pancreas has in diseases been observed to be degencrntcd and cjmcerous ; :„^"^?\n* ^^ 

and as in these cases lumps of fat are stated to have been observed in the jiseases. 

faeces, this appearance of fat has been ascribed to the failure in the supply 

of pancreas-juice. In lientery the pancreas as well as the stomach and 

pylorus is probably at fault. 

The digestion in the small intestine is very imperfectly known, and l^^gestion m 
requires particular and great researches in the future. In this part of ^^^^^ 
the body is the constant and principal seat of diseased processes of the 
greatest importance, €,g^ typhus and typhoid fever, cholera and others, 
not the least important amongst them the nestival and autumnal 
diarrhoea so fatal to many persons in every year without special epidemic 
infiuences. 

Glycerine is a tridynamic alcohol, constructed according to the type Fats of the 
of water thrice condensed. In this type there are six atoms of hydrogen human and 
replaceable ; when three of these ai*e replaced by the radical glyceryl ^^^^ ^' 
(which is a tridynamic radical) glycerine is formed. Glycerine, there- 
fore, has three atoms of typical hydrogen, which can be replaced by 
three atoms of a monodynamic body or one atom of tridynamic body. It 
is not necessary to substitute all the hydrogen at once, when we work 
synthetically, but in animal bodies all the hydrogen is always rephiced 
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in wbiuh tlu-ee atoms of hydrogen are replaced by one atom of g'_ 
and three others by three atoms of fatty afiid radical'. Tribu^y 
lilt otcurring in bu(t«r, haa this formula :— 



3 Monodynamic atoms of Butyryl 






1 Tridynamic ntom of Glyceryl 
held together by three didynamic atoms of tj-pical osygen. 

The reman nameral lo the right of the radical butyryl signifies that 
it is a monodynamic nuiieal, and can replace only one atom of hydrogen ; 
but the roman numeral to the right of glyceryl shows it to be a tri- 
dynamic radical, tvhidi by its one atom replaces three atoms of liydroges 

The other fata occurring in the human body and in animal food i 

"'' '°"°(G,.H„0.)1„ 

(G. H.r" ;"' 

which in equal to the large fonnula of 
Cm HflBOe, 
tristearine, a fat abounding in mutton and beef, of the furmiiln 

and trioleine, a move fluid flat, which abounds in the oils extracted front 
lower animals and vegetable seeds. 

When these fats have passed through the stomach, and after solutio: 
of all tissue by which tbey are held together in the parts of animal^'V 
arrive as fluid oils in the intestine, they are acted upon by the pancreatic 
juice and the bile. The former afl'ecta them in two ways. A smair ■ 
portion it decomposes, so that glycerine and fatty acid are formed, 
another portion it emulges, or makes fit to become subdivided into th* 
very minutest mechanical molecules, and in that slate to pass through 
the small pores of the cylindrlc cells which cover the villi of the in- 1 
toatine. The fatty acids mostly combine with soda and pass aa soipi^ 
into the venous blood, and with this to the liver; while the emulgeil' I 
neutral fats pass into the lymphducts, and hy them into the venous | 
blood, without passing through the liver. After incorporation with the 
blood the fat is burned up in the system, particularly the muscles. 

But there is yet a particular form in which fatty acid is found in the 
body, namely, emulged in phosphate of sodium solution. When palmitic 
or stearic acid is boiled with common sodium phosphate, it forms » J 
milky fluid; the acid is so finely subdivided that the microscope — — M 
distinguish only the very finest molecules. Wheu this process is^*^ 
plied to neutral fata, or to oleic acid, no effect is producer!, "rfe ' 
emulsion is a very loose combination, inasmuch as ether exImcCs the 
fatty acids, This particular form of fatty acid emulsion occurs ia 
liphiemia, or fatty blood disease, in chylous urine, and in several efliiaions 
into internal cavities." Its foi-malion is a normal occurrence, the 
phosphate of sodium of the food (bread) yielding the mineral ingriMlicnta 
for the carrying ou of the process with the digested fat in the inttstinal 
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can&l ; if the p)ioBphat« be wonLiug in the food, tlie bile, which ftlwaja 
contains notable quantities, will supply it [aud it is to this action of the — 

phospliace in bile that any influence upon fatty acids wliich it possedsea ^ ^' 
is doe, the action upon neutral fals formerly ascrilied to it being an jj^ V. 
erroneous conception]. The anomalj in tiie above-mentioned diseases is of Di 
the persisleuco of the futty emulsion in the ai-terial blood, whereby an Ay 
obstruction of the circulation and consequent efiiision (of blood, eerum, Tiitd 
fotty and fibrinous serum, ai; in apoplexy, dropay, cliylous urine, and ~ 

Oiber diseaeea) is produced. 

Fnt baring been frequently found in degenerating tissues, depoeited Fattfdi 
in visible manner, in porta where healthy structure hhowi no visible fnt, ^'"'■ 
micioscopicanatoraiBts admitted a particular fatty degeneration, in which 
£tt in excess assomed the place of albuminous matters. The heart was 
supposed to bo particularly subject to this diseuse, to which, however, 
all other tissues paid tribute. This doctrine, however, is at present in 
a very unsatisfactory state, and requires much elucidation by researches 
conducted upon mathematical principles. That fatty degeneration so 
called may be a rery complicated chemical disorder, I showed many 
years ago by the demonstration of chaiigea in the myochrome of the 
muscles of the heart, which produced a green granular pigment. f 

Chyle is the fluid which the lymphatic vessels of llie villi of the intes- 
tine absorb from the digested food and carry to the blood. It contains 
much fat, to which it owes a white milky appearance. It further con- 
tains the ingredients for the formation of fibrine, and curdles »ooa al'ter 
it is withdrawn from circulation. Then there is potassium-albumen, and 
the ordinary albumen of serum. There are also lactates, sugar, and 
urea contained in chyle, besides a certain amount of alkaline salts. 
Chyle is the material by means of which the blood is cousUntly renewed. Cliylo. 
It contains mostly some white and red blood-corpuscles, which leads to 
the idea that they might perhaps be formed in certain lymphatic glanda 
through which the chyle has to pass. Before entering the blood chyle 
is ulways mixed with a considerable quantity of lymph, which diH'ers 
from chyle mainly by the absence of fat in omtilaion. The lymph is 
trunsud^ serum of the blood, which penetrates into the tissues and 
there performs its fimctions ; it is then reabsorbed and carried back to 
the circulation by the lymphatic vessels. There arc many dei-aiige- 
nente of the lym|>h and chyle which occur simultaucuusly with diseased 
glands in scrophula, and in tuberculosis, and it is probable that improper 
nutrition has the main share in the production of theae derangements in 
a great number of young children. 

The peculiar shape of the blood corpuscles appears to be partly depen- Chemical eoa- 
dciit upon their chemical constitution. This latter is the product of then- *''}",^"?."^ **" 
own powers and their intei-chauge with those of the surrounding serum. "_„,,3r^ 
They have a certain specific gravity, which is maioiaiued or varied (in 
diseMC«, in different classes of ooimab] by the quantity of certain chemi- 
eol ingredients which are within them. Aaiongst these latter most notable 
by its red colour, and in the first place by its chemical constitution, ia 
hemaioory stall ine or cruorine.t Tbia substance contains carbon, hydro- 

t See TrTiliBiict.of theFBtiial.Socicl)'.6, l.14i nndQuarterl; Joimial of Microico- 
piodSoc. No, 14. 

t Wh^i tbe blood crjitals were Htsl disoverel and their various shapes and pro- 
p«rt>oa found out (Fiinbe, Kuade), it wm believed and slated (Lehinaan} that they 
cmuiaied of a coloarless BubsUDC^ (hfinatoglahuline) to vhich a coloured t 
0>e(aalii>a) sdh-rci like it dye. A.B long m Ibe renjiruliLM itn this subject mnved on 
the nucrosoopie field onEy chii idea wu plausible ; for many cryilnls ore actually w 
ttun tc (o appear colourless under Uie tnicnucapa. Uut Ibu chemical uij ipeccroico- 
pii;it rcscarchea or the lust few years have entablisfaed the error of this cnnceptioa and 
*abjtimied the doctrine of the leit. t7r<iorine is aiyuonym which was first proposed 
trf Denu, and has lately been again revived by Slolces. 
, 80571. 
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geD, nitrogen, iron, aulpiiur, niid oxygea, in the proportions indicated tj 
ihe following formula : G™H„Nu.4ieS>Qi77- 

weightof 13,280, but if the atomic weight be <let«iinincd bythetjui 
of iron, an fttomic weight of about 13,000 is arrived nt. Persons wbl 
have not studied this branch of chemiBtrr, and who perbapn i 
handbook, do not read of atomic weights rising above 500, may wondol' ■^ 
at the high atomic weight hero assigned to hemalociyDtalline. But this 
body can now be obtained pure in drachms and ounces, and the analyves 
of eiystals by Lehmann, Schmidt, H. Seyler, and others, have always 
shown them to contnin four-tenths per cent, of iron. The eryetala are 
mostly of the rhombohedric system, and appear in telrahedra, octahedr*, 
with and without prisma, or in prisms only. Their watery properly 
diluted soltjtion, when examined in the spectroscope, shows two re- 
markable bands of absorption, and obacnralion of the blue and violM , 
end of the gpectrura, as represented in fig. 1 of Plnte I. 
blood of all vertebrate animals, when viewed within the living blw 
vessels, shows the same bands, wo can assume that hematocrystsJIinsD 
present in it as such, and not formed by the process of preparing tf" 
crystals. Hematocvystallinc can be deprived of ibi oxygen, and th 
its spectrum changes to that of reduced hemafocryetalline (fig. 2, Plate t. 
Shaking with o.tygen restores the double-bnnded spectrum. The tv 
bands therefore belong to arterial blood, the one band to venon» Woi 
(Stokes). Hemalocryslalline contains as proximate eonstitaents i 
albuminous body, which aOer separation remains amorphous and cotoii 
less, and hematine, which retains the colouring power, the spectral inf 
ence upon light, and the iron of the original substance, though all v 
in kind, proportion, and quantity. Uematine has an atomic weight t{ 
about 620, and from 7'5 to 8 per cent, of ii-on. It yields many renanrkal' 
products of decomposition which will be treated of lower down. ] 
spectra in various solvents and in the reduced state, and the spectra « 
a number of new dertvates, ore represented in figures 3 to 10 of Plate tt!! 
and figs. 1 to 5 in Plate II. The optical and chemical phenomena m 
hematocryBtftlline and hematine are applicable to medico-tcgd reflcarch, 
as affording the most certain diagnosis of blood upon the smallest quan- 
tities of material, A diminution of hematoerystnlline in the body con- 
stitutes the disease tenned " chlorosis " or " anicmia." It IB either a _ 
specific ailment, or a symptom and consequence of ehr«mc ^KHrders, d 
acutfi, particularly tropical fevers. 

Besides bemalocryatalline the blood corpuscles conteia a qu&ntfl 
of cerebric acid, with an atomic weight of certainly not less l' 
2,115. This has been variously called raydine (Virehow), protit 
(Liebreich), and other names, but it is the same body as that wl 
can be extracted from the brain. We further have in blood corpUBC 
a certain quantity of what is called stroma. This ia merely a 
for a subslance which is STippoaed to give them a shape. The stroma 
remains when the other bodies are extracted. It is a kind of chemical 
skeleton, and can be isolated (by free;!ing, for example) and investi- 
gated (Rollet). It flcems to be very different from the albuminous 
matters combined in hemntocrystalline, for it u soluble in ether, 
alcohol, and chloroform, when these agents are dissolved in sernin. 
But it contains a small quantity of iibri no-plastic substance (A . 
Schmidt), namely paraglobuliue, some limes also tenned globuUl 
This remains insoluble when the blood corpuscles, previously s 
from serum by solutions of aalt, are deprived of hematocrysta 
water. The gelatinous paraglobuline, after shaking with water i 
ether, (3 soluble in solutions of salt, dilute alkalies, and water contaiDid 
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nme per mille of hydrochloric acid. Brought in contact with fibrioo- Appusnii. 
genons solutions il frequently produces lil>riii<;. 

The blood-corpuscles carry oxygen, wtiiclt has great nflinity for hemato- 
Cfystailine, from tlie lungs to tlio most dietAnt or hidden and inlcmal 
.parts of the body. They there yield it np to the tissues, principally the 
.-l&DSfles or the osydiaable matters contained in their juices, and the 
_* I, iliua oxydiswd, i-etum the carbonic acid, walor. utea, and other 
products Into the blood. The muscles mny either oxydtse immediately 
JOt store ihe oxygen in large quantities by means of tlieu* red colouring 
in^ttcr, nbich is identical with hcmatocrystalline, particularly during 
, sleep. Although the carbonic acid affects the colour and condition of 
ifita blood corpuscles, ncTerthelcss the latter are not carriers of the car< 
j^uic acid. This gas is ui the serum. It is there partly dissolveil in the 
4Bmo manner as in soda or Selljier water, but (o a great extent it is 
'jpombioed with alkaline bases, particularly sodium. Wlien the blood- 
. wrpusdeB of the venous blood arrive in the lungs, they have undergone 
• change which consists in the partial oxydation of a small quantity of 
tlieir Iteniatocryslalline, and this is transformed inlo an acid which I will 
icall hematic acid. This blood-acid conlaine nitrogen, 
to any of the oeids we know. It is not volatile but fixed ; it is evolved 
^from the blood corpOBclos and passes into the serum at the very moment 
when the former oiTivc in the small breathing cells of the lungs. There 
the blood acid combines with the sotlium and tlio cnrbonic acid is »el 
free, and is left to take its course, with water-vapour, through the lung 
tissue into the respiratory passages.* 

In mj research on cholera I have shown that the serum of the blood, 
inconsequence of the alvine flux cliangud in its constitution in that disease, '" 
cefuses to perform the functions wliich it performed before. It exhausts 
water and other matters from the blood-corpuscles, and the latter there- 
upon cease to carry oxygen ; oxydation does not take place any longer, 
hence the temperature falls, and the algid condign of cholera is produced. 
In yellow fever, and In a disease which occurs in England, intermittent 
bemutui'io, Ihe hematociystuUine of a portion of the blood corpuscles 
leaves tliem, and in Ihe one disease decomposes and colours the skin 
yellow, in the other appears in the lU'ine with a red or reddish-brown 
colour. A similiir decomposition takes place in some coses of pyoemia, 
and In poisoning by oracniurelted hydrogen, oad by the bite of venomous 
serpents. Several poisons, such as sulphuretted hydrogen, carbonic 
oxyde, hydrocyanic or prusaic acid, kill or injure by decomposing the 
hematocrj-stolline, or combiitiag with it and keeping the oxygen out. 
Of these 1 will treat below, when considering the application of the 
spectroscope to pathology and toxicology. Thus the study of many 
diseases requires on intimate knowledge of the constitution of the blood 
corpuscles. The value of this we have oulyjust begun to appreciate, 
and the cbemicul and optical methods of investigation appUed with 
rigorous accuracy will bring us not only the explanation of normal 
phenomena ai present remaining obscure, but also useful practical 
information on the natorc of diseases, processes of poisoning, and their 
treatment by prevention or cure. 

* The cxcretioQ of CBrhonicr acid from the lungs U AD act of ipccilic secretiou, to 
vkicb the presenoe of oxygen (and iiitrogenl may be a supplemcntirj' adTantnge (as 
ferooringdiBuiion), bill is not esMnlial. IIQler"* ohserFalion of twin fieti, wliicli 
were Kim lirinj witbin Uie iininjared membranis and sarroaadal by Ilie tiqaor 
amaii. wid in that cooditioa exbsled gas, are to me conclusive erideace of Ihia. as alio 
of ray pMpoiiiion that Ihe act of first breathiagii an tcl »t wcrotian. This theory ii 
fertile of explanations of many dark phenonienB, Euch a* l>i« peculiar powi;r of aev- 
bom children to sostain iiroLoDged states of asphyxia. 

Mi 



172 



No. 7. 
On Chemiciil 
Umtification 
ofDiiKatcs, 

hgDr. 
Tkiidichum. 

Cotgulation cf 
the blood. 

FibrinofilBBi 



CSrenintUnccs 

blood ker[)s 
fluid. 



Etbrine con- 
phyiioljsii. 



potauium b1- 



One of the moat rcmorltable properties of the blood is its power of 
congulating or setting shortly after it hui left the body. Of this 
phenomenon many ingenious theories have been gi^en, but none haa yci 
entisfied the demands of exact chemical science. The latest nnd most 
plausible one is that of A. Schmidt, according to which the serum 
conloinB two subelance.i, which have the power of combining with each 
other or forming (ibrine, orthesubstaDce which produces the phenomenon 
of the curdling of the blood, aa caseine produces that of the milk. One 
of these matters Iins been termed fibriuoplaatic substance (paraglo- 
buline) contained in Bcmm nnd corpuscles, the other fibrinogen, contained 
also in senim and other fluids of the body. There is no doubt that 
BubBtmces answering to these descriptions can be isolated, and when 
brought together mostly form fibrine. But what is not yet proved is 
that they combine in atomic proportions. It is just possible that the 
paraglohuline only acts aa a ferment like rennet, Mid tnmaformA fluid 
fibrint^cn into gelatinous, solid, or fibrous fibrine, by the power which ia 
chemistry ia termed contact action. But even should this tlieory be con- 
finned as at present shaped, it would fail to afford any answer to the 
obvious question after the inhibitory power which prevents these bodies 
from reacting upon each other in the circulating blood. The question of 
the cause of the coagulation being answered would make room to the 
question of the cause of the fluidity and non-comhination of these bodies 
during life and circulation. This would no doubt be a progress, but not 
a solution. It is a fact that blood while in contact with the inner sur- 
face of healthy lilood-yeasels in living bodies, even when prevented from 
flowing by double ligatures, docs not coagulate. H^n coagulated blood, 
when placed into the cavity of the excised heart of a turtle becomes fluid 
again. From these and similar facts the living walls of blood-veaeels 
were said to be the agencies which kept the blood fluid (Brucke). But 
such a statement is only a circumsciiplion not an explanation of the 
fact, which therefbi'e requires fuiiher study and investigation. 

It must always be borne in mind that by the method of pliysiolysis, or 
putrefaction conducted upon certain principles and with certain pre- 
cautions, fibrine yields albumen, and that consequenily the atomic 
constitution of fibrine must be more complicated, and its atomic weight 
higher than that of albumen. 

The yellowish liquid which remains when the fibrine has been allow) 
to set in the blood, and to enclose and retain in ils contracting mei 
the blood corpuscles, is termed the serum. It contains yet a quaatt^' 
paraglobuline, of which only a small portion has been used up towards dw' 
foimation of fibrine. It further contains sodium aibum^^ (or caseine of 
serum, Panum), and a very small quantity of potassium albumen. The 
pamglobuline is prpcipitated by carbonic acid from serum diluted with 
10 water, the aJbumiuatcH dissolved in combination with the alkaline 
melalsarosetfreeby little acetic acid. Bnt the ingredient of serum which 
is present in the largest quantity (7'9 to 9-8 per cenL) b the albumen 
particular to the serum, or blood albumen, as distinguished from llie 
alliumen or white of egg. This ia completely precipitated by boiliog in 
the presence of a little acetic acid. If no acetic acid is present, sodium 
albumen, formed during the procef s of coagulation, remains in solnlion. 

The serum contains neutral fats and soaps in solution or suspension, 
in the latter cbkc being rendered milky or turbid thereby. In cmw of 
disease which I have made known the scrum also contains free fatty 
ccids. 'J'hese acids are emulged with the phopiibate of sodium of ih* 
ferum, and after extraction by ether are again easily cmulgcd by boil* 
'"" "'ih a solution of common sodium phosphate in water. A similar 
occur in so-called cliylotis unne, and in 
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certain effiisiona in the scrotum, termed variously milky hydrocele e 
laetocele. The eerum further contains cholesterine, creatinine, area, 
Bnd hippuric Aud lactic acid in small quantitice. la gout, uric acid an 
iirateofBodiumantlciilcIum is found in it ; indiabetee, augiir. In jaundice, 
biliary colouring matter, or cholophnine ; and in leukocythiemta, formic 
•cid, saniliini^, and other matters. 

Of inorganic salts the serum contains sodium chloride, sodium dicar- 
bonate, and cnlciom phoaphal«, small quantities of magnesium phosphate, ^.- 3~ 
still smaller ones of potassium salta. The chemical operatioDs of ihe \^ nennn, 
Berum (and blood on the nhole) employ sodium salts mainly, while 
those of the muscles chose salts of potassium mainly. We have seen how 
the functiou of the liver employs the sodium as tlie principal mineral 
base for its peculiar acids. But an explanation of this strict separation 
has yet to be found. Wo are more confused than enlightened by the 
discovery of the apparent paradox that fish, living in a medium abound- 
ing with sodium salts, should form a bile the mineral base of which is 
^taseium. 

The serum contains nearly the whole of the carbonic acid contained G«im in 
in the blood, particularly when it becomes venous. This is present in **runi. 
two forms, the one dissolved and removable by the vacuum, the other 
combined with sodium as carbonate and dicarbonate, and dislodged only 
by acids and boiling. It is also possible that the Hodium phosphate 
attracts a porttocr of carbonic acid and holds it in peculiar loose 
combination. 

The particulars of the changes which tlie ingredients of set 
luidet^ in (he febrile and zymotic diseases will be discussed u 
respective headings. 

The physiology of the gases of the blood, of the oxygen, nitrogen, 
tnd carbonic acid contained in its modifications of arterial and venous 
character, has only lately been perfected by instruments and methods 
satisfying nil demands. These methods will in future have to be 
applied to pfttholo^cal research on a more extended scale. 

The loUil quantity of blood contained and circulating in a living man Qiinntitj- of 
has for many years been greatly over-cstimii ted, owing to fallacious blood in a 
conclusions derived from the practice of blood-letting. The best 
Hiethode available about 10 years i^o reduced the quantity to 7'7 per 
cent, of the wught of the body (Bischolf). But this has to be again 
reduced, as in these processes the myochrome was not deducted from 
the hemalocrystolline, by the quantity of which the blood was esti- 
mated. Seven per cent, of the weight of the body will probably bo a 
moro correct estimate of the quantity of the blood thuu any other 
hilberto made. 

The striated mnscles consist of particular contractile matter, arranged Striaicl a 
in layers within a fine membranous bog (sarcolemma) and conneclive =1m- 
tissue. The contractile mutter is arranged in disks consisting of syulo- 
nine, which arc liud close together, separated and surrounded, however, 
by a particular plasma. This can be isolated from muscles treated at 
the freezing point, taken out of the animal just killed, or from cold- 
blooded animals, such as frogs. The plasma is olkaUne, and coagulates Hu^de-plumi 
on standing like blood ; by beating the coagulation is favoured. The 
coi^olum is termed myosine ; it is flaky, never fibrous, and moi'e trans- Myiniiie. 
parent than fibrine. Plasma dropped into warm water coagulates 
instantaneously, and deposits pure myosine. Like fibrine, myosine 
decomposes peroxyde of hydrogen. By solution in dilute ocids it is 
transformed into syiitonine. This is the uame of the solid part of the SraLoniae. 
flesh tiesoes, the particular fibrine of flesh of Liebig, wllicl^ insoluble 
io water, can be extracted from the insoluble part of meat by dilute 
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Acide in lai^e quantities. The muscle-plasma, after congulntion of ti 
line, leaves the muscle-sorum. This becomes quickly aciil, like i 
meat on keeping, and on neutralization depusils aa albumiaouB auOstanc& 
The fluid on acidification precipiiotos nlbumeu wliich wus iu combius- 
tion with potassium. This precipitation occurs in the meat nnturallj 
by formation of paralactic acid, wbiirli at first sharea the potassium of 
the phosphate, and transforms it into acid phosphate. To this belongs 
the acid reaction of kept meat. Only when excess of puralaclic acid in 
its free state is present does the albumen separate from itie potassium- 
albuminate. Besides these two modificationB the niuscle-^rum contains 
the ordinaiy seruro albumen of blood. There is also coutnined in 
the serum of the red-coloured muscles a coloured albuminous matter, 
myoohrome, identical with hem ato crystalline. In while muscles this 
matter seems to be absent. When flesh is extracted with water the 
albuminous matters contained in this solution are precipitated by boiling 
(albumen curdles at 65° C. hematocrystalliue only at about 90'' C), a 
faintly yellow broth is obtained, wliicli when made of mutton retains 
that name, but when made of beef is popularly termed beef-tea. TMb_J 
mysterious fluid, which is of great dietetic value to the healthy ( 
the sick, contains a groat number of remarkable ingredients — creaUi 
€4HgN30, ; creatinine, G4il7N-,0, the former a neutral body, 
latter a powerful organic base, which also appears in the urinary excr 
ton ; uric acid, G^H^NtOs ; xanthine, GjH^N^Oa ; hypoxanthtno q 
sarkine, ^jjIIfN^-Q ; guanine, ^jH^N^Q; all of which appear in the 'I 
urine of man or of the lower animals ; taurine, the body obtain- 
able from taorocholic bile-acid, and which may therefore be perhaps 
formed in the muscles, and carried to the liver, or be formed in tho 
liver and carried to the muscles, or be foi'med in both iu dlficrant ways ; 
inosic acid CoHuNjOj, and acids of analogous composition j further 
bodies free from nitrogen, as paralaclic acid G^ Hg O^ ; formic, acetic, 
and butyric acids ; glycogen, the same as that in Ihu liver ; dextrine ; , 
sugar or grapo-augai- ; and a particular kind of sugar also found i 
green shells of French beans, namely, iuosite^g H,j 6g -(- H^Q. ' 
total of these bodies which arc known amounts to two grammes froia~ 
the extract of 1,000 grammes of flesh ; but the total amount of extract 
obtained is 12 grammes of organic substances. Consequently five-sixths 
of the extracts of meat are at present quite unknown to us. The ex- 
tract of the meat of animals, oxen and sheep, has now become an article 
of wholesale manufacture and of trade. It contains 18 per cent, of 
salts, of which nearly half the weight is potash. The economic advan- 
tages of this extract are the direct result of the purely ecienlj£c studies 
of Baron Liebig, and have made his name literally a household word, , 
The residue of meat from which the extract has been pressed c 
all matters insoluble in water, syntonine, myosine, sarooleauaai 
nuclei, and fat. Some of this fat is visible under the microsoope in tl 
fibre, but some is invisible and dissolved, though not as soap. "* 
residue contains phosphate of potash in insoluble combination i *~ 
organic matter, but no chlorides. 

The muscle is amachine for the transformation of chemical inla n 
nical force, and for the storing and exercise of that force. The exer 
ii partly constant and involuntary, partly intermittent and t 
the will. The loaded muscle is alkaline, fuU of disposable oxydui 
matter, and of oxydant, namely oxygen. The nerves of motor tnf 
effect chemical contact and immediate contraction of tho vaiious ele 
The muscle becomes acid during work, and gives off large quanti 
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I aarboiiic arid. The dipintcfrrntion of its ttlbuminous matter seems hardly 
I to be incrensod immediulcty, but thst of the carboDnceoaa substancee is 
I evident. Muscular exercise duus not increase ibt.' excreted urea qOBn'Jty, 
Lbut that of (be carbonic acid csliBled perhaps to tenfold Ihe amount 
fttxcretedia rest during equal timee. TLe muscle participatee in all febrile 
F (Bscajws of ihe body, and ie fie(inenlly the seat of idiopathic processes. 
} In typhoid and lyptius fui^i-r il becomes disorganized in a high degree, 
Insiug ptructure, and assuming a yellow appearance. In futty de^iiera- 
tion it loses its contractility and shows fat iu a free stale amougst changed !''«■«* *" 
Btrnelure elements. In death from carbonic oxyde it has a red florid eolour """*™ 
due to Ihe combination of the poison with its henmtoerystalline ; in l«U- 
nus it is spaHmodically contraeted, changed, and frequently torn ; in hydro- 
' phobia it is similarly injured and torn; in Irichiniusis it is th«- specific 
■eat of B parasite, the trichina spiralis, which does not live in any other 
tisEUe. The changes of the muscles in diseases hare only just begun 
to be studied, and cannot fail to be found of the niroost importance. 
As the muscle during life takes up oxygen fVom Ihe blood, besides p^ad n 
nuirimeut of the most varied kind, and renders back lo the venous 
blood carbonic acid, water, and a hmt of refuse matters, so does the 
dt^ad muscle, its ccuguliiiied myosine notwithstanding, continne some 
time to breathe, take up oxygen and give out carbonic acid. At last 
its atoms take a new direction, and physiolysis or putrefaction com- 
mences. The mnscle yields the products common to the albaminons ph^ lio- u>d 
substance, tyroine, leucine, volatile acids snd alkalies, &c. The same chnriotjiii 
substance is obtained by chemolysix ; leucine was firBt discovered (by wiurle. 
Braeonnot) in the decomposed mnscular tieisne. By continuing the study 
of chemolysia we shall probably be able to learn more about the changes 
of the muscles in disease, as well oa about the bgredienla of fle«h 
extracts which arc at present unknown. 

The smooth or orgiinic bivoluntnry muscular fibres contain some inTolnntai 
ingredients similar to those of the striated, but require to be belter miucle*. 
studied — u matter of great difficulty, as they cannot easily be isolated. 

The nerves and brain consiBt mainly of minutely Ihin long fibres, and logrcdientsfl 
I of cells standing in connexion with these fibres. These fibres are (be bratn ■■ 
I membranous tubes, filled with a peculiar nerve or brain marrow. When nenes. 
f the nerves are token out of the living body they change quickly, and 
tbe morrow of the tut>es separates into two substances — a central one, 
the cylinder ojcis, and an outer or periaxial portion. This change ia 
not yet quite explained. Possibly it mny consist in a coagulation of the 
axial cylinder, which causes ita contraction. The axial cylinder is, how- 
ever, already in life of a different chemical composition than the periaxial 
tulje, for it ehowe no effects in the polariscope, while the periaxial part 
I exhibits d&rk or light crosses. The chemical constitution of these 
I matters ia perhaps the greatest problem of organic and ]ihy Biological 
1 chemistry, A consideration of all researches since the time of Vauquelin 
tends to show that brain matter is constituted similar to the hemalocrys- 
e of the blood ; that it contains an albuminous matter to which is 
combined a substanee containing nitrogen and phosphorus ; that its 
molecule must therefore be very complicated and large, and that the 
matters hitherto extracted from the brain are at the most detached 
proximate nuclei, or single stones broken out of the moaaic picture 
which its molecule may be im^ined to represent. The principal one 
I of these detached nuclei is a body of which a small quandty can be 
[ extracted from brain matter by boiling alcohol, and which has been 

ioualy termed brain-wax, brain-fat, cercbrino ; but by Fr^oiy, who Brain-fat, cere- 
t obtained it pure and delennined iU composition, was found to be an brine, cerebrio 
I acid, and termed cerebric acid. Lately Liebreich, having examined the ""^ piotagon. 
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§ubBtanne, gave it the name of protagon, but without any ^ 
reason. Thia cerebric acid has the empirical formula of G, , ~ 
1*4 PO,j. It appears in crystalline needlea, anil gives remarksbl 
reaction?, of which several new ones will be described in a subsequent 
paragraph. By decomposition it yields fatty acids, glycero-phoephoric" 
acid (^3 H|,P©„), containing the whole of its phosphorus, and neurine 
(Gj II] 3 N), containing nil its nitrogen. Much of it is contained in the 
brain in a state of such finn combination that even roncenlmted sul- 
phuric ncid does not easily set it free. There is further in the brain 
cholesterine, the peculiar alcoliol of which a quantity is constantly 
excreted with the bile. The albuminous nubslonce of the brain has not 
yet been isolated completely ; a email quantity can be extracted aa 
potash- albumen (or caseine); another quantity vi insoluble in wato", i 
and its presence can only be deduced from the curdling of brain mattcCM 
by boiling, and from the products of the chemolytic process, which, afti 
I have found by researches to be alluded to, yields all the productftl 
of chemolysis of albuminous matter, volatile acids and alkalis, leucio^M 
tyroine, and other substances. Of other matters there are found in UnS 
brain substance lactic and a volatile acid, and inosite ; uric aci^^ 
xanthine and liypoxanthine ; creatine. Sugar is sometimes found, and 
more rarely a substance which gives reactions aimilar lo starch, and the 
study of which may perhaps throw some light on the peculiar diseu.ie 
termed amyloid degeneration. In diseases, leucine and a homologue of 
it appear sometimes. lu others much urea collects in the brain and in 
the cerebrospinal fluid, which fills the cavities of the brain and spjnaj 
marrow. The largest quantities of urea are met with in cholera, in 
which the cerebrospinal fluid may contain as much as ordinary urine. 
In a case of softening of the brain Lehmann found glycero-phosphoric , 
acid in the soflened matter. The brain substance contiuns 25 per o 
of solids only, and 75 per cent, of water. Its ash contains acid ]' 
phates and a quantity of free phosphoric acid, a residue of the deatroj 
cerebric acid. Besides much potassium, some sodium, little magneBimn ' 
and calcium, the ash always contains a notable quantity of iron. The 
ash of the grey matter of the bruin is always alkaline, owing in part to 
the circumstance that it contains less cerebric acid than the while 
matter. When an ethereal extract of brain matter is mixed with water, 
and seen under the microscope, it swells and projects various peculiar 
forms of matter in various directions. The phenomenon is due to cerebric 
acid, which is dissolved in soap ; it has given much and varied amuse- 
ment to microscopists. 

The connective tissue forms tendons, fasciie or envelopes of muscles 1 
and limbs, ligaments of joints and capsules, and binds all organs of the I 
body together. It consists of fibres, of a cement uniting theae lo a J 
tissue, of cells or so-called corpuscles, and is interspersed with eJ 
fibres. It is soaked with potassium -albumen. The cement is aolalde il 
caustic lime and in hary ta-watcr ; it is reprecipitated by acetic itcid, ai 
then mitnifeflts itself as mueinc, identical with that of the salivary g' 
and embryonal [issues, e.g., the umbilical cord ; the fihrilln t 
isolated, but mixed with tLe corpuscles or cells and their nuclei, i 
elastic fibres. In acetic ncid the fibrillie are transformed into glnf 
glue. The same transfonnation is effected by prolonged boiling \ 
water. The clastic fibres resist this treatment. Both sorts of fibre ^ 
chemolysis yield tyroine, leucine, voluiile acids, and alkalies, but I. 
gelatine is distinguished by yielding glycocoll, the lower homologna 
leucine, while elastic fibres yield more leucine. Mucine yields augar H 
chemolysis, andiu this i-espect resembles chondrine, hut it also yields rant 
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tyroine, op to 7 per cent. These various data have given rise to the Appendix. 

idea that mucine and glutine were products of a peculiar cleavage of 

albumen, but albumen has not yet been found to yield any sugar. Ths No. 7. 
cells or corpuscles of the connective tissue consist of a semi-fluid matter ^^ Chemicai 
which is termed the protoplasma, and of nuclei. In the protoplasma of ^^^jlf^^^^ 
the cells of the connective tissue pigment is frequently deposited bvDr^** 
(choroid, rete Malpighii of negro, bronzed skin disease, freckles, Thudichum. 

melanotic cancers,) which is black or broif^Ti. Of this pigment very little 

is known, but my researches promise to throw some light upon its nature Protoplasma, 
and origin. Pigment 

The fat tissue is made up of cells, in the interior of which fat is Fatty tiasne. 
deposited, and of connective tissue. The fat cells are probably peculiar 
organs, but the cells of the connective tissue above described are probably 
able to deposit fat within their substance under certain circumstances. 
Some fat tissue remains permanently in the body, some may lose its fat 
during starvation or disease, and regain it. The fats in the human fat 
tissue are mostly those described in the paragraph on digestion, tri- 
stearine, tri-palmitine, and tri-oleine. The fatty tissue is subject to 
hypertrophy, or excessive infiltration ; there also peculiar coloration<) 
are observed in several diseases, e.g,, consumption or phthisis. Newly 
formed &t tissue is observed in the fatty tumours or lipomata. Fat in Fatty tamoar. 
tissue may originate in several ways ; it may have been eaten with the 
food, and afler absorption only been carried to the cells ; or it may b3 
formed from sugar, dextrine, and glycogen ; or, lastly, it may owe its 
existence to the decomposition of albumen. Thus the cholic acid of 
bile might easily yield any of the fatty acids, and sugar the glycerine. 
But the proofs for any of these processes have not yet been furnished. 

Cartilage contains peculiar cells and chondrinogen, or a substance Cartilage. 
which by boiling becomes chondrine. This matter gelatinises like gela- 
tine, but is not soluble in acetic acid, on the contrary precipitated by it. 
Boiled with hydrochloric acid, chondrine yields sugar. 

The chemical composition of the cornea is similar to that of cartilage, Cornea, 
particularly the hyaline variety. 

The cartilages ai*e subject to a degeneration which terminates in Ossification, 
ossification. 

The cartilage surfaces of joints are lubricated by a fiuid which is Synovia. 
termed synovia. It contains about 94 per cent, of water, 3 * 5 of albumen, 
0*5 of mucine, and more than 1 per cent, of ash. Its origin is not yet 
satisfactorily explained. During diseased conditions of joints much 
synovia can be detected ; the collection of excess of synovia in a joint 
constitutes hydrarthron. 

A matter similar to chondrinogen is hyaline, of which the cysts of old Hydrarthron. 
echinococci are composed. Boiled with dilute sulphuric acid it yields, Hyaline, 
like the chitine of insects and articulate animals (& H,5 N Qe) dextrose 

fermentescible sugar. 

The bones consist of a peculiar combination t)f organic matter with Bones, 
mineral earthy phosphates, and contain as accessory matters marrow, 
bloodvessels, and cellular nuclei in the cavities called bone corpuscles. 

The organic substratum is called osseine (a name which it would be Osseine. 
better to apply to the entire bone tissue), the mineral matters are 
termed bone-earth. The osseine is obtained by extracting the bone- 
earth with dilute hydrochloric acid. It retains the structure of the bone 
substance, which is disposed in concentric layers round a tubular centre. 
Osseine dissolves on boiling in water like glutin, but differs from the 
latter in several particulars, although the product of the solution in 
hot water is true gelatine. Of osseine purified bones contain from 
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29-5 to 30' 9 per cent,, mth -which 68*1— 89 '4 per cant, of earthy m 
nre in combination. The regulnriiy of these proportions hu led to ther 
ufaumplion llkat bone is a chemical compound in definite atomic pro- 
portions of osseine and earths, and not merely a tissue in which eorthB 
are deposited. Some remarkable esperiraents show tliat gelatine nnd 
earthy phosphates have a [leculiar attraction for each other. ThuB a 
mixture of gelatine and bone-earth in hydrochloric acid, when neutn* 
liaed by ammonia, deposits tione-earth with 20 per cent, of gelatine ; 
vice vers& when tannic acid is added to such a solution tannate of 
gelatine with much boue-corth is precipitated. Boue-earth con-i 
tains 9'1 per cent, of calcium carbonate, 87'7of calcium phosphate 
(SGaPj, OJ, 1-7 of magnesium phoaphate(3MsPj08),ai 
cent, of calcium fluoride (Ga Fl^). The nutrition of the hones pro 
ceeds from their eurfaco towards then' cavities. Certmn dyes, givt _ 
with the food, penetrate into the bones and stain them. The id« 
foi-merly combined with this experiment, namely, that the bone wa 
rapidly renewed from without and absorbed in the marrow cavity, i 
probably quite nnlenable. In aevei'al important diseases the bones ai 
greatly affected, and become eitlicr brittle, or sofl and bend. Stid 
diseases are rbocbitis, or rickets, common in children, and the OEteom» 
lacia of pregnant women, and that particular form which attacks aged 
persons. In tliese diseases the bone-earth falls to about 30 ])cr c 
of the dry bones, while the osseine rises to 60 and 80 per c 
The osseine at the same time changes its chemicfll characier, by . 
curious tissue tranafoi-mation, starting from the marrow envitJes, > 
does no longer yield glutine. It seems that the agent hy means 
which in this no doubt complicated process the earths are removed u 
lactic acid, which under these cu-cumstauces, and not in health, ii 
found in and about the bones. These diseases urgently call for chemid 
investigation. 

The teeth are bones, -of which a part, the roof, is constructed 1 
ordinary lione, the top or crown npon a particulai" plan, round man' 
minute tubes ; this latter tissue is termed dentine. The outer han 
covering, the cement, is an epithelial formation, containing only 4 p 
cent, of organic matter, 92 per cent, of earthy phosphates, and 4 p 
cent, calcium flnoride. 

Pus is a product of disease or injnry. It consists of a serum, i 
which many corpuscles, resembling the white corpuscles of the bloc " 
are suspended. From the corpuscles, separated by filtration, myosii 
(sec muscles) is obtained. This Bufastanco is probably the instrument of th 
contractility of these bodies. The serum has fibri no -plastic propefi 
ties, i.e., contains pnrnglobuline, which can be precipitated by earbvBh 
acid; on addition to the filtrate potassium albuminate or caseiaa !a preci- 
pitated, and af^er the removal of this latter serum albumen is pre<»pitiited 
hy heating. Muciue has never been found in pus. Chondrina and 
glutine have been found in the filtrate fitmi the pus coagulated by 
boiling. They ai-e probably connected with the corpuscles, like tM 
glutine which is found in the blood in leukocythssmia. Pus, probably in 
its corpuscles, contains cerebric acid and cholesterine ; the latter i» 
deposited on staudiug. During standing and decomposition poa also 
deposits palmitic and stearic acid in crystals, oleic acid after addition of 
acetic acid. Good or healthy pue from wounds contains no vo. 
acids, but decomposing pus yields volatile acids of the fatty W 
formic, butyric, valerianic, in short products of putrefaction, 
from abscesses, from phosphorus disease, and ulcerating cancers, ( 
tains an acid, which as it gives a rose-pink reaction with chloni 





water, has been termed chlorrhodmic acid, A similtu- Bubst&nce can 
be ubttined from decompowng pancreas extract and lymph&tic glands. 
Pas may contain leucine, tyroine, xanthine, and uric acid ; in the pus 
from jaundii-'ed pernons biliary acids and cholophntine are found; in 
that ft'uni diabetic patients angar. The eo-calkd blue pus derives that 
colour from a Und of vibrio, whicli yields its pigment to chloroform, 
from which it is obtMned in crystals, and termed pyocyanine. The 
solid matters contained in pua amount to from 10 tn 15 per cent.; its 
ash is sirailar to that of blood, contnius 72 per cent, of sodium -chloride, 
and more pota£5ium*ealt than blood-serum. A knowledge of the com- 
position and products of dccomposilion of various kinds of pas from 
abscesses, ulcers, wonnds, he, is of the utmost importance for the 
study and treatment of reactive fever after wounds and operations, of 
various forme of blood dbease termed septicha'mia, and pyfcmia. In all 
these aflections pne,or products of its decomposition, ai-e absorbed or ent«r 
in a more grossly mechanical manner into the lymph and blood, set up 
an acute patholytical process which leads to violent attacb^ of shiver- 
ing, fevers, sweating, diarrbcca ; then, in the case of aepiichsemia and 
pyaimia to secondary deposits of pus or other flnida in vnrions organs 
and cavities, parlicvUarly the liTOgs and liver, and ultimately, and in 
nearly all cases, to death. Against this fatal disease a particular kind 
of treatment of wounds, the so-called antiseptic treatment, has lately 
been devised, and is now under the consideration of surgeons, 

Thefunctionof the spleen is not well known, bnt Betms connected 
with (ho elaboration of certain conatituonts of the blood and certain 
processes of digestion. The organ contains much blood, and a scpan*- 
tion of its tissue and juice from its blood has not yet boon offected. The 
fresh spleen is alkaline, but soon becomes acid. The watery extinct 
contains hematocrystalline and the other ingredients of blood, and 
besides a peculiar albuminous matter which on combustion leaves 
phosphoric acid and iron oxyde. It encloses some cholesterine. After 
removal of all albuminous matters there are in the eitract of fixed acids 
tiic lactic aad succinic, of urinary products by poican thine, xanthine, and 
uric acid, of volatile fatty acids furroic, acetic, butyric, of amido-acids 
leucine ; of alcohols there is ioositc in considerable qnAntity. These 
ingredients show that chemical processes of varions kinds must be 
carriud on actively in the spleen. They are, however, not indispensable 
to life, as animals from which the spleen has been removed by o|>era- 
lion continue to live without any perceptible disturbance. In leukocy- 
tbxmia the spleen is frequently very targe, and weighs up to nine and 
teu pounds. If it be found small in that disease the lymphatic glands ar« 
certainly enlai^d. The spleen i" soraelimeB subject to (hero) mi»-called 
amyloid degeneration. Although in this state it gives many reoctionr 
of albumen it is indigestible In urtitieial gastric juice ; it gives no sugoL 
by treatment with sulphuric acid, and is little prone to change by 
urtiiicial or natural influences. 

The thymus gland is a mysterious organ situated in the chest in ft^nt 
of the lungs. It becomes of less importance to the adult than it pro- 
bably is to the ftetue " in utero," It contains olbmnen, coUagcne, elastic 
tissue, a little fat, leucine, xanthine, hyposanthine, snccinic and lactic 
acid, and perhaps also volatile fatty acids and sugar. In the progress 
of the involution of the thymus the amount of sodium contained in it is 
nearly doubled. 

The thyroid contains nearly the same chemical eonstiluents as the 
thymns. It would be very confusing that the constituents of glands of 
the most varied connection and situation ore identical, were wo not 
reminded that the defined ingredients are perhaps only oue-fourth or 
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one-sixth of the wliole of the ingredients, and that specific differences 
may therefore be iliscorered upon the iogrcdients which at present are 
undcfiaed. The thjroiJ is said to contain mueine, particularly when in 
the state termed coltuid degeneration ; it then also containe cholesteriae. 
When coiitninin;^ brown fluids, in the disease termed struma, a sediment 
of blood corpuscles ie mostly present, which, however, contain onlj? 
decomposed hematocryatalline in the form of hematine. 

These organs yield many curious colonred reactions. Their alcoholic 
or ethereal OKtracts become yellow and red when exposed to the air ; 
their watery extracts arc coloured red by iodine, and blackish bine by 
iron -chloride. They contain leucine, but the presence of other parti- 
cular biliary matters which has been alleged is at present not proved. 
In certain chronic diseases (Addison's disease, or bronzed skin), in which 
the skin is more or less copper or brown-coloured, the suprarenal 
capBules are specifically diseased. A case of this disorder is now under 
special investigation. 

The salivary glands contain mucine and leucine, xanthine and hypo* 
xanthine. 

The pancreas contains much leucine, a homologue of it, xanthine 
hypoxanthine, and guanine. Also some of the fermenta mentioned in 
the paragraph on digestion can be extracted from its pulp as well us 
from its juice. 

The liver consists of cells, which are the main seats of its speciftc 
function, and of bloodvessels and bile ducts, interspersed with lymph 
vessels and nerves. The blood can be washed out by water. 
The cells are made up of a protoplasmn, which may contain iis 
visible ingredients fat in large and small granules, cholopbicinc iu. 
small red granules, nuclei, with one or two corpuscles, and as invisible 
ingredients demonstrable by experiment only, a coagulable matter 
which sets soon after death, albumen, roucinc, and glyct^en. Sugar 
and biliary acids are also always obtained from the extract of the liver, 
although the ducts may have been carefully washed out ; and as 
cholophEeine is contained in the cells, we may assume that the bile 
acids are also contained and made in the cells. The fi'esh liver is 
always alkaline, but on Glanding it becomes acid. The glycogen is 
mostly or entirely transformed into sugar. The liver- extract by 
boiling water mostly contains lactic acid and volatile fatty acids, 
iuosite, hypoxanthine, xanthine, and uric acid, and leucine. The latter 
body occurs in livers which are quite fresh, in very small quantity, but 
increases by decomposition, for which the tissue of the liver or its cells 
possess particular aptitude. Fat is extracted from most livers, in 
large quantities from diseased livers. Tyroiue occurs in diseased livers 
only, and is not easily obtained even from thoroughly putrid livers. In 
the ash of the liver phosphoric acid and potassium predominate, which 
is the more to bo noted ns the bile acids in man are mainly combined 
with sodium. From fresh livers of young persons and animals hydrogen 
is sometimes evolved on immersion in warm water. The dogenerstioa 
of the liver, which is sometimes wrongly called amyloid, or otherwin 
the " Speck-leber " of the Germans, and " waxy degeneration " of iht 
English, has not any resemblance to the amyloid degensration of the 
spinal marrow ; for iodine and sulphuric acid, or iodine alone, prodilM 
in h only a red or reddish-brown mahogany-like coloration, its materia 
being evidently of an albuminous kind ; and on extraction by alcohol 
and ether, I have found iu it considerable quantities of cholesterinOi fat, 
and paralbumen, but neither bile nor sugar. Having during many 
years, and in many cases, observed considerable quantities of leucine 
in the liver, and having frequently experienced great difficult in 
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isolating this substance, separating it from others, I subjected to a Appbndix. 
special study the compounds of leucine with metals, and was happj """" 
enough to discover a new copper compound which renders leucine q chanical 
entirely insoluble in water and neutral fluids. For the extraction of jdentificaiion 
hypoxan thine and xanthine I have also devised special processes. of Diseases, 

The kidneys contain much blood, collagene fibres, and some fat ; to h P^- 
water extraction they yield chlorrhodinic acid, uric acid, and bodies Tlmdtckum. 
resembling hypoxanthine and xanthine, but urea is scarcely obtainable ^..^j 
from them. Cystine and inosite have on some rare occasions been met 
with. The chemical changes of the kidneys in diseases have not yet 
been sufficiently examined. 

The urine is the secretion of the kidneys. It is the lixiviated refuse Th? urine, 
from the chemical processes of the body. It contains a yellow colouring 
matter, urochrome, which by chemolysis yields various remarkable pro- 
ducts of decomposition. The first is uromelanine, G^ H4, N; Qio, a Uroinelanine. 
most interesting substance, with an atomic weight of 733, being one of 
the highest at present established in organic chemistry. Accompanying 
uromelanine there is a small quantity of a matter which by treatment with 
sulphuric acid yields the reaction and spectrum of crucn tine, termed para- 
melanine. The next product is uropittine, not as yet sufficiently studied. Uropittine. 
Then there is omicholine, an organic base with fluorescent properties and 
a peculiar spectrum, and omicholic acid, also fluorescent, but slightiy Omicholine. 
differing in its spectrum and composition from omicholine. Of these Omicholic 
matters I shall have to speak in subsequent paragraphs. From these ^ 
products it is evident that urochrome must possess a very high atomic 
weight; it may perhaps be a derivate of hematocrystalline. The 
ingredient which occurs in urine in the largest quantity is urea, G H4 Urea. 
Ns Q, of which a man secretes about 30 grammes in 24 hours. Then 

there is creatinine 4y. H* Nj O the same as that which occurs in the Creatinine and 

» r^ r^ creatine, 

muscles. It is partly changed into creatine, Q^ Hg N, Q^ by taking up 

an atom of water during the process of preparation. From creatinine 

is derived sarkosine, which is isomeric, or perhaps identical with Sarkorine. 

alanine Cs H^ ^ Os- There is further contained in urine uric acid, 

Qh H| N4 ©1, which may form calculi and cause much trouble, and a U'*c acid 

series of bodies being less oxydised than uric acid, namely, guanine, ^'^^ ^' 

Ca H4 N5 ©, hypoxanthine G^ H4 N4 O, and xanthine G5 H4 N4 O2. 

Further, there is an acid which from having been first discovered in 

horses* urine is termed hippuric, ^ Hg N ©3, remarkable by its con- Hippuric acid* 

sisting of a combination of glycocoll, G^ H5 N O,* ^^^ benzoic acid, 

and by its being found in considerable quantity in the human body 

when benzoic acid is being taken, or greengages are consumed. Under 

some circumstances allantoine appears, Gi H« N O,, which can also be AUantoine. 

produced from uric acid artificially, along with other remarkable 

products. Of inorganic salts the phosphates of lime and magnesia, and Salts. 

of potash, are present in considerable quantity, but most prevalent is 

the sodium-chloride or common salt. Of some matters minute traces 

appear in the urine, thus of sugar and of alcohol, after these bodies Sugar, alcoliol. 

have been taken by deglutition. In diseases there may appear blood, Pathological 

albumen, fibrine (paraglobuline and fibrino-plastic matter) fatty acitls ingredienta. 

and fats, large quantities of sugar, as in diabetes, leucine, tyroine, 

abnormal coloured matters yielding by acids urocyanine and urorubine, 

as in cholera ; oxalic acid and oxalate of lime, as in a particular 

disease which frequently ends in the formation of calculi. Much as 

the urine has been studied its chemistry is by no mQaa)& ViA.c.^m'^^^s^^ 
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nnil on the caasea of the most troublesome diseases showing fhemselrea 
by symptoms in the urine, gout, uric acid calcnlu^ oxalic diathesis 
diabetes, diytoua mine, our knowledge is ns yet very incomplete. 

Under all circumstances, howerer, the analysis of the urine ie no 
indispensable aid to clinical iliagnosia, and furnishes most valaable 
positive and negative information ou acute ns well as chronic diseases. 

The secretion of the skin, discharged in lurge quantities after exertion 
or under iho influence of fi heated atmosphere, conlaios much surface 
epithelium. Of chemical ingredients there are observe*! lactic and 
eudoric acid, the latter peculiar to sweat and not found anywhere else, 
and urea. There is much sodium-chloride, little or no phosphate. 
Sometimes volatile fatty acids-c.;?. valerianic, are found in small quantity, 
but it is possible that they are formed ofter the sweat bus been secreted. 

In rcapiratiou oxygen of the air inhaled together with its nitrogen. 
is absorbed by the blood, and in exchange carbonic acid and water are 
given out. The cspired air therefore contiuns less oxygen than the 
inspired, and a quantity of carbonic acid instead. But the whole of the 
oxygen inhaled does not return as carbonic acid and water ; a portion 
is otherwise combined and leaves the body in tbo uriuary prodncta of 
oxydaliou, particularly urea. A healthy strong man exhales in 24 hours 
upwards of 400 litres of carbonic acid, and inhales upwards of 500 litres 
of oxygen. The cspired air during rest contains about four volumes 
pet cent, of carbonic acid. During activity the expiration of carbonic 
acid becomes much more rapid, and in extreme cases may for a short 
time rise to tenfold ita normal quantity in the same lime. Activity or 
muscular work Joes on the other bond hardly increase the quantity of 
urea excreted by a man. 

Tbo breath in diseases may contain carburctted hydrogen (of which 
a trace is also excreted in health) and volatile matters nt present un- 
known, ammonia being perhaps amongHt them. These investigations 
have only just become possible by the invention of an apparatus which 
permits entire pei'sons to be observed for days in glass chambers, and 
their excretions to be accurately aualysed and determined. By means 
of this method it has now been found that man during sleep stores up a 
quantity of oxygen in his body, particularly his muscles, which is there- 
fore ready for the production of force the moment it may be wanted. 
This explains the phenomena of activity and rest much better than they 
could hitherto bo defined- 

The fiecee contain all insoluble residues of the food, some decomposed 
and altered bile acid, changed cholophsiino, myochrome, choleeterine 
changed into excretine, some peculiar fatty and odoriferous matters, 
besides a little phosphate of magnesium and calcium. They vary with 
the diet, being dark, semifluid, and of small bulk after meat diet, 
but of large bulk, paler and more solid, after bread diet. Boiled 
with sulphuric acid they yield a matter which has the sfiectcam 
reprcaented in fig. 1, plate III., and of which the accompfui}!!^ 
engraving is a diagram. 
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ecmpikred with Btcrcoriuo on ihe one, and acid i-rucntine on the oilier 
hand. 
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Iroa preparations taken iuto the Rioronch colour ibc feces block, 
mercurial ones green. This luLter fnct gave riso to a fallacj now ex- 
|doded, namely, that mercury was a cUohigogue and increased the excre- 
tion of bile. Bile (notdecompostd) has never yet been found in any fecoa. 
Uost remarkable and suggestiva b the discovery by Licbig of alloxan AUoud in 
in the mucous evacuations from fc case of intestinal catarrh. Alloxan is muoom era 
« product of decoraponition by oxydanta of uric acid, and precedes tbe ^°'^- 
formation of urea. Poeeibly, therefore, fiioctiona of chemolysia are 
allotted lo the intestine which at present wo place into other organs, 
or know not where to localise. Gout might lind an explanation iu the 
failure of this chemolytic action, for uric neid onco in Ihe blood seems 
Sa far out of the reach of oxygen as sugar in the blood is in diabetes. 
Imperfect digestion further causes the production of gases, of which Gase* in in 
carbonic acid constitutes the main bulk, but is mixed with combus- ^""'^ 
tibte marshvgaB, G H,, and some hydrothion g H^. This develop- 
ment in diseases rises to painful height, and in typhus, e.g., producer 
■ometimeB va almost suSbcating tympanites or meteortsmus. 

HI. iLLrGTRATIONS OF THE TENTATIVE Nat0BE OF THK 

RESEARCEIEa. 

For reaaons which need not here be detailed I began the present TeiBniu. 
eeries of invest igationa by some intiuirea canwruing Tetanus. The 
descriptions of this disease which had been given by surgical writers 
represented it as so much resembling poisoning by strychnia, that 
ono was almost compeEcd to suppose that in its progress a chemical 
decomposition took place by which a body being either strychnia 
itself, or having almost identical properties in relution to the human 
frame, was developed, and I tbcrefofe }mt the question whether this 
body could be extracted from the orgnns of persons who had died 
from tetanus. I made extracts from a great vuriuty of organs from the 
bodies of six patients who had successively died of thnt disease. In 
none of the cases was any strychnia met with ; but what was oa 
singular was, that although these persons had up to the time of death 
been taking large doses of morphia, partly by Injection underneath 
their skin, piii'tly by deglutition, none of their organs showed any sign of 
the morphia taken.* But from all the organs, and from the blood, 
matters were always extracted of which some appeared to possess the 
qualiiies of known substaucea, while others manifested themselves by 
new properties as bodies hitherto unknown. It now became necdssary 
to identify those bodies which appeared to he known. 

imtJng »; 
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Mofit imporlant among tliom appearfid s pubstance lutving many of 
pi'opcrtiea of a iv ell- defined substance obtiuDed from the bmin, namelj 

< cerebric acid. In view of the clrcuniBtanco tbat tetanus had alwajs 
been referred to a lesion of the nerve system, suspicion arose tbat the 
presence of this brain-acid might be a sign of tbc decom position of 
Eervous substance in consequence of which a product of that decompo- 
sition was distributed through the body. But as the question bad never 
been asked whelher this matter was not also dialributed throngh a 
healthy body, this tjuestion had to be answered before any conclusion 
could be drawn from the presence of this subslaiice in the other case. 

A research was therefore made on the occurrence of cerebric acid 
in various parts of the healthy body, and it w-as found to be almost 
universally present. By means of a research on a large scale con- 
cerning the chemistry of the blood corpuscles, it was ascertointd 
that cerebric acid was also an unfailing essential constituent of the 
blood corpuscles. When, in continuation of the research on tebmtis, 
the brains of the victims of the disease were t:abjected to chemical 
examination, and the results compared with the ordinary teaching 
of science, it was found that that teaching was eilhor erroneons or 
incomplete. Even the existence of cerebric acid, which had been 
discovered by Pr^my, had been disputed by Liebrcich ; and the researches 
of Liebreich had been controverted just a few months before by Kohler, 
who had spent no less a time than three years over his subject. It 

' was therefore necessary for me to institute for my own guidance some 
preliminary experimenis on the question of the constitution of the brain 
matter. Those preliminary researches are far from complete, but evejy 
step of them has yielded a reliable and new result, confirming in (he 
main the teaching of Fr^my, and establishing that between Liebreicb's 
protagon and Fremy's cerebric acid the difference is mora in name than 
in substance, I found, however, also, lliat none of these observers had 
even touched the question of the couslitulion of the brain matter; and 
that there was in ttiis latter a nucleus of power holding together a 
chemical molecule of immense size which could not bo separated by any 
of the re-agonts employed by former observers. I therefora proceeded 
to split up this molecule by the process of chcmolysis. By this research 
it was found that the brain matter yielils all the substances described hj 
Grobley, the cerebric acid of Fri^my, the pi-olagon of Liebreich, leut " 
tyroine, a number of volatile alkalies— among them trimethylami 
three fluorescent bodies and an amorphous acid to be alluded to 
the chapter on the albuminous Bubstoncos, and to be more fully 
tigated hereafter ; and, beyond that, left a residue which resisted erea 
the chemoiytical process, hitherto supposed to split up alianima) matMr. 
Thus it was clcaj* tbat brain matter possesses a constitution which Is 
of the utmost complication, and that means must be found to determine, 
the size of its chemical molecule, and that these means cHtmot be 
clusively the process of cbemolysia, and subsequent calculation 
synthesis of the results, but tbat it must bo of a more direct kind. 
These researches left me the impression that the constitution of 
matter possesses some analogy to the constitution of the blood capi 
cles, in this respect, that its basis is a body which contains phoe[ * 
nitrogen, carbon, hydrogen, and oxygen, and may be transformed into « 
appear in the shape of cerebric acid ; that this body possesses origini 
the properties of a polydynamic alcohol, which is combined irilli i 
number of molecules of albumen correspondiag to the number of il 
dynamicilies. 

KeturnMig to the comparison of the matter found in tetAnous o 
with tliat produced from healthy brains, 1 ascertained some i 
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I «haneU-riatio wsts for th&t matter. Cerebrio acid with augu mi »ul- Arrawi 

pburic acid yields n magnificent purple colour, which is id every respect ~ I 

more strikiog than the colour which, with similar re-agcDls, is eiven by q^ ^'J, 

the biliary acids. I delcrmined the speeirum (see Plnle III. Sg. 5) of Jdtat^fica 

the coloured product, and compared it with the epeulrum of ihe colour«d o/Ditra 

product obtaJDi.'d by this reaction ft-om bile acida, and found them not to >>s !>' 

be identical.* ThwJiek 
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On continued scrutiny of the extracts obtained from the tt-lAnous FlaorcMi 
organs, eubstanccB were found which poMesfed the remarkable property bodiM. 
of Jtuorescence. This was the more iciere»tiDg as it had lately been 
announced by Dre. Dupre and Bence Jones that there occmred in all 
bentthy Elructureg a fluores-eent matter to which, from its similarUy to 
quinine, they gave the name of "animal tjiiinoidine." The matter 
extracted from telonouB organs did not respond to the tests of animtJ 
quinoidine ; although, behaving as an organic base, its optical propertiM 
were differeot from animal quinoidioe, with genuine specimens of which 
it was aesiduDuely compared. Owing to the small quantity of thia 
Rubitance, and to a deplorable accident which occurred to even that small 
quantity by an incipient coofiagrulion In the laboratory, the nature of 
this substaoce had to be left undecided. 

On examining, for the pui^ses of eomparieon, the organs frcm a case rinoTCKeat 
of paraplegia, the fluorescent body could not be met with. The cerebric "ubBtBnw nr" 
acid was found in the blood and other organs, and, for the rest, it was J,f°^'"|AL 
dear that in this case the lesion was a inecbaulcul one — ihilt chemical P'^pws'^ 
cansequences were Bccomjyry, and the study wae therefore not pi'osecuted 
any farther. 

After the completion bf the reisearch on cholera (published in the FjQOTMMQt 
last report of the medical oflicer), the whole of ibe extracts from upwards inatier in 
of a hundred organs, from more than twenty diilerent cnses, from which cholei* 
the matters described in that report bad been extracted, were united, extracts. 
They were Ibund to contain considerable quantities of the peculiar 
fluorescent matter which bad been tlrst met with in tetanus. As Ibe 
ioTestigatiou of the whole process of cholera hod led to the discoTery 
that ihei'e was, at one period uf it nt all events, a decomposition of 
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tilliiimiuous sobaiuiK^es in the iiitetrline, very aimilar to putrcfttciion, I 
cvideaced hj tbe praeouce of leucine, Talerianic ncid, butTric acid, acM 
acid, volatile ulkaliea, and so forth, I was led to surmiso that the jH^senai 
of this fluorescent body in the ttitsues might possibly be cautcd by tr 
piitrafuctive de com position, and that, invcraely, the pn^ence of thai bo< 
might be the sign of the presence of & change akin to putre&ctjon. 
t)ior(;foi'e was necosdHry lo subject to an exnminatiou in this respect t 
normal Bubstniicee which constitute the tisaue.^ and tluida of the hum 
body ; Riid I selected, in the tirst instance, the pi-occss of cfaemolyaia d 
the quickestand most suitable. I instituted uu esteneive research a 
chciuolysis of fibrin, albumen, caseiue, blood, and iilmost every tiasne m 
orjrau of the human body, the main fcalurea and results of wliit^ w, 
■ be dsHciibed in chapter V. ; and I obtaiucil not only products whi 
had beon obtained by former obaeneiH since Braconuot and by my o 
fonner resoarches, but I also was fortunate enough to isolate i* 
pounds, a portion of which were quite unknown hitherlu, and 
portion, ilioTigh known, not huving been liithcrlo disenvereJ in 
course of this process. Among them was the fluoreecenC body wbicl 
had met with in the extracts from tetonua. 

1 slate here the conclusion at which I at once arrived, and v 
do not think can be questioned by the ealnicsl consi deration. W 
the fluorescent body extracted from let anna-organs, and which ii 
bably the same as that obtained by chemoiysia mim olbumiuoas mi 
including the brain, has any causatii'e influence in the production o 
tetanic i^yinptoms, or is itself a mere symptom or accideut of tbo pro 
a pmclieol advance can be made upon the theory of totanos by tie slu 
of the fluoi'esceutino obtained by chemolysis. The continiutiou of 
researcbea, being contingent upon the occun-euce of cases iti bb availab 
tbrm, is for the time inten-upted. No doubt in other c 
questions may arise, and many of them are us present to my n 
ns thoso which I have already endeavoured to answer. That t' 
in tetanus the most rapid change which occurs in any disease whaltf 
is sho^sTi by tlie enormously high temperature which we observe ii 
discHBe. In no other disease does the body reach the loQiperatnre ol 
degi'uen centigrade ; and in those diseases in which we obeerv« the n 
high temperatures, namely, typhuij fever, typhoid fever, yellow f 
and other'*, the limit of 42 dcgrec= is never exceeded without t 
results. 

The iie.\t disease almost us iHtal an tetanui-, tvhich eug 
ultcntiou, tvas hydrophobia. I instituted a microscopical exi 
of the spinal cord of some cases, accoi-ding to the latest i_, 
approved methods, without itnding any lesion percoptibls I 
microscope. On turning my attention to the blood, I was stn " 
slight change in the spectrum : but it was impossible in the H 
of affairs, and with that low degree of perfection iu llie in 
appaj-atus of the sjiecH'oscope, to give to that observation n t 
precision. It led me, however, to a comparison of the lei 
of the blood with the red coloured part of the muscles ; anil us I 
tetanua and hydi-ophobiu the muscles arH the field upou wh 
symptoms are most prominently exhibited, it appeared a fair t 
whelher in either of those diseases there is an influence excrcieeL 
blood upou tlie mnsculoi' system, or, inversely, by the tnuBcolar i 
upon the blood. The same question occun-ed during the i 
inquiry, when in cases of collapse and so-cjiUed asphyxia the m 
system was found of a dark, almost bluish-colour, and yielded a. a 

of reduced cruorine. It was in the interval between the cholera n ., 

and the former researches on the diseases mentioned that I diecoveredd 
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iilt'titit}' of'cnioriiic luid tuyo<;lii'ouii;, thu rod coluui-eU tuatlvr uC lUe Aj-rBSBt- 

muscles. The phyBiologi(»l and pnthological conclu^ioae to whkli tUii 

Bewly-disuovered relation led were very many and of imuieiioe bearing, N* 7- 

fiw it waa uow eatalilished that neither of tboiw two eyaieiuA, the blood "" CSwrt 
■ud the muscles, could cseiipe the effect of the injury of either. /A^jSeal 

The loss of moBCuIar power iu the febrile process muat elearly iri bvOr 
puit be the result of want of oxygen. For the peculiar products of Tiadiehis 

the typboid process for example, hav« a great nfRnity for oxygen, uud 

circulating in the blood, absti'act the oxygen for their owu destructiou '^'P''^^^ 
before it bad hod time to reach the tissues. A muscle in typhoid fever " 
16 Iberefore in the same cundition as a joint of meat huog up in an tbe^'^&ct 
enclosed »pace withont any ventilation. It was seen that gasee wiiich upon ihe 
killed or injored by u specific eHecl upon liernatocrygtalline, eucii as moscles. 
carbonic oxyde, carbonic acid, eulpbnrcltcd hydrogen, and hydrocyanic 
'acid, exercised their eScct uot only upon the blood but also upon oO the 
muscles which are pervaded by blood, pnrticalnrly ibe heai-t ; and il 
became poMi^ible to suppose, in the cam) of cbokni in parttculai', that the 
couti'action nf muscleti, the painful cramps, were the result of diminished 
or altogether suspended oxidation. The nut*t iiupurtaut change of the 
muscular system which takes plaee in ^phas aod typhoid fevers being 
regularly accompanied by a change of llie natural colour of the muscle, 
I thought it necessary to uiake a re.-tearch into the chemical nature of 
cruorine and myoehrome. I began with cmorine. I precipitated it from 
blood on a large scale by means of cnrlK>nate of polish, and split it up 
into its constituents, albumen and hematine- I crystallized it in various 
ways, and compared ite forma and phenomena of crystallization with 
those of il« decomposition product hematine. I studied its spectra nnder 
the influence of a great variety of agents, medicine.", poison.", and des- 
tructive bodies, and compared those spectra with a great number of 
spectra selected at random from similarly coloured bodies. I cndeai oured 
to determine its atomic weight, and found it to be the highest of any 
among organic substances, and to amount to about 13,000. 1 iheu pro- 
ceeded to investigate the phenomena of the crystallization of hematiuc. 
This latter is a product of Ihe decomposition which blood undei^oe)^ noi 
only by artificial chemical meanH, but also under the influence of 
physiological agencies when blood has been efliised into cavities or 
tissuci) of the body. The crystallized hematine there found by means llematoidiM.' 
of the microscope has received the name of hcniatoidine. The crystal- 
lized compound, however, which was obtained fiom blood by a process 
employing acetic acid and common salt has bpen called heminc. It hod Hemine. 
been alleged that hemaloidine was identical with the colouring malt«r 
of bile, and that the production of these hematoidine crystals in apoplectic 
■Cjste, in efiiisions of blood within Ihe liver, and voriouH eH'uEious of 
Wood in other organs — for example, the ovary, was evidence of the 
clerlvation from the colouring mutter of blood of the colouring mailer of 
bile. It had further been taught that hcmitie wua not crystallized 
hematine merely, but a hydrochloric a<-id salt. Nothing could solve all 
jlBese contradictory slaiements but nn exhaustive research on the 
ehemical nature of hematine. This I accordingly l;egan, and ivns won 
inccessful in obtaining a cryslolJized product having all the appearances 
>f hemine, but not containing any hydrochloi-ic acid, and yielding a 
little more than 7 per cent of metallic iron, thus indicating that the 
ktomic weight of the hematiuc was upwards of 600, The spectra of 
^matine and of its products of decomposition by acids and alkalies were 
simultaneously determined. (See Chapter IV. 2. where most of the data 
evolvetl by this resciirch nre given.) 
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This research trae of the utmost oouaequence Ln the expl&u&tlon ^ 
some new pbenomena itIucIi were observed upon choleraic oiine. T 
will thei'o be seen Ibst an ingredient of the urine was discovered wMd 
under the influencQ of nitric acid, was tranefornied into a blue mattA 
choleraic nrocynuine, aud into choleraic urorubine, and the epectn)|i 
of this Intter almost completely coincides with the epectrum of hematiqi 
in alkaline alcoholic solutiuii. Further r^earcheK will have to dec" 
whether this apparent nurdogy can he allowed to be aegumed oa a pi 
of cloae connexion. There can ba nu doubt that tbe epectromei 
method applied to thia branch of the research will yet lead to n 
importiuit tlerdopmenta. 

I had an opportunity of comparing hematoidins crystala with cr^std 
of the colouring matter of bile which I obtained in my resesjtili 
OD that flubslance incidental on my reseorchea on gull-^onea. 1 tlioi^ 
it incumbent on mo to follow out thia Hiibjcct farther. The colonrii 
matter of bile Heemed to require nn iuiiepcndent study, on a""^ 
of the important part which it taken in many acute fevers, i 
panied by the discoloration of. tbe iiurface of the body, and partJculari 
in mnliguant acute jaundice or otrojihy of the liver, and iu the cbi 
dieeasea of that name. Moreover, it was a common ingredient of 
cretious, the nature of which I had investigated formerly, and I therefuiil 
proceeded to investigate its nature. I succeeded in detenniAtng t 
form of crystallization, and in showing that it wa« not identical irfl 
that of hcmatoidine. I determined its chemical composition to | 
C, Hg 14^ Oi- I determined ite atomic weight, its properties, ita 
metions, and a great number of its compounds, and it was owing to 
former reBCarchcH upon this substanee, &nd the circiimatanca (hat I ' 
a collection of material at hnnd, that I was enabled to give to 
Upon this sul^ect that perfection which I ekould claim for nt 
auhalance which is to be ronsitlered in pathological chemistry. 
tcrhuiail u.Tmiiit of Ibis rc-enrcli would iiolbt' rnllrdy Euilable for 
tlie present ropoit ; but in Chap. VI. (on the biliary substances) I b*n 
given a full abstmct of the principal data. 

Tbe circum.^'tance that homatocryptallini? and certain ingredleota of the 
bile aud uriucarecolouredmny wit li some persons have the effect of hidinf 
tlieir chemicrtl and general importance ; for as in general hfe colour ii an- 
ployed Ibr ornamentation, and is not conaidei'ed neccssaiy for the essentia 
(jualiticH of things, the ordinary mind is liable to suppose that thcM 
cijloiii-ed ingredients of secretions or fluids are also of no greater mgaift- 
cance llmu dj'cs. But this is a great mistake. The circumatnnce ttial 
they are coloured is of advantage to science, inasmuch as the preeeoot 
of such bodies has not to be discovered. They are patent to every ejt ; 
but the circum:!tnnce that they arc coloured, and th.it with every chi^ 
even the smallest, of their composition they clinngo tlieir colour--^ 
wit, the blood from light red in tbe arteries to dark jed or blue at tie 
veins — shows that colour here is as.socialed with nn essential propcrtj, 
if which i-i n subject f<ir the deepest jittuly. The ns«- 
-tudy on fbr ci'louiiii}!; miitter of bilo appeared very 
'^ tlio ri'M-iirch <m cliolrra which has been publishei 
of biii.-fi from pei-pnii.= who had died of cholera wen 
■ral of ihem were found free from all coloui'eil mntien. 
were found not to contiiiu any biliary acid?. One 

biliary nciJs but coloured matters, and these coloured 

1 several cases. There were present the four varietim 
ipi-asine, and lijlifiiscine. Xow, whntewr 



the M-i 



least com 
mailers v 
bilinibirie, 



may be the f^igiLiflconec of the presence < 



e of these or oth« I 



189 

ingredients of the bile in these cases, it is certain that the facts could 

not have been determined had not the chemical nature of the substances - — 

and their chemical reactions been previously determined by mo. nn^hJmit^al 

Jncidcnt^illy I may remark here that by attentive study of the records jdentificatUm 
concerning yellow fever, and by personal experience concerning some of DuecueM, 
forms of tropical disease in Europeans, I have come to the conclusion by Dr, 
that the coloration of the skin experienced in those diseases is probably Thudiekum, 
not caused by biliary matter distributed in the blood, but is due to ' 

decomposition of cruorinc yielding products of which I may have to ^^^ deSm- 
speak hereafter. poses in yello 

During my investigations of the phenomena of the fo])rile pro- fever and 
cess, I was struck with the small amount of positive information which tropical fever, 
was yielded by an analysis of the urine. Beyond an increase in the Febr'le prooet 
quantity of urea discharged in given times, and a diminution of the vr riation of, 
urinary water, no particular fluctuations in the quantity of the sub- ^^cretions 
stances were observed, except the phenomenon known from time ^"** 
immemorial, that the febrile urine has a dark red, sometimes almost 
brown colour, and deposits matters which carry down with them a 
certain amount of those colours. The controversy regarding these 
matters has lasted as long as the research on them, until at last accom- 
plished physicians have declared that these were matters not admitting 
of accurate chemical definition. I never shared that belief, and I 
continued to work through all difficulties, having at last the satisfaction 
of seeing my researches approved by the British Medical Association. 
The work then begun had now to be continued, and if possible com- 
pleted, for without the knowledge of these matters a perfect theory of 
any febrile process whatsoever was quite out of the question. I 
therefore instituted a research on a very large scale, whirh absorbed 
many months of my time, and of that of several of my assistants, and I 
succeeded in establishing by the method of chcmolysis a certain basis 
from which the chemistry of urochrome C4in in the future be solved with 
certainty. This basis is uroroelanine, a product of decomposition of 
urochrome by pntrefkction, as well as by artificial decomposing pro- 
cesses. This remarkable substance was found to have the enormous 
atomic weight of 733, being the highest among any decomposition 
products of the animal economy or of organic matters in general known. 
It was found to have a remarkable and varying combining power, so 
that no less than 19 combinations could be produced and analysed. I 
have subjoined an abstract of the principal data evolved by this 
research to the paragraphs relating to researches on the pathology 
of the urine (Chap. VII.). Besides uromelanine, I also analysed 
omicholine and uropittine. Omicholine was found to possess optical 
phenomena being the reverse of those of the green coloring matter of 
leaves, chlorophyll, for it had a port wine red colour, and in the cone 
of concentrated sunlight it fluoresced green, while chlorophyll, with 
its natural green colour, fluoresces red in the cone of sunlight. 

While the researches on hematine had made it very doubtful whether Omicholine tn 
there existed any connexion between the colouring matter of the blood uropittine. 
and that of bile, and had shown that the assertion of former obsorvei's 
that the colouring matter of bile contained iron wns unfounded, the 
researches on urochrome seemed to confirm the conception which former 
observers had formed of this matter bemg derived from cruorine by some 
process or other. Uromelanine could not be derived from hematine, 
unless indeed all the analyses of hematine hitherto made wore first 
shown to be valueless. The atomic weight of hematine, even if the 
formula of Mulder were doubled to satisfy the demands of the theory of 
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the unitary uolation, could not be uiucL ubove 600, tbat of uromel&uii 
uctually is 733; bv no imtcalation can the number of atoms of nilrogi 
in heinfttiue be raised above ^ix, while uromelantDe UDqucslionabl7' 
contnius seven ; hetnatine might therefore (ierive from uromelanine, but 
the re^-erse could if hematine be rightly understood never be the vase. 
We have therefore but two possible cases. Either all the analyses of 
hematine hitherto made must be rejected, and supplanted by new and 
better reaeorehes, or, if they can be maintained, ws must ossnme tbat 
uromelanine derives from hematocrystalline and not from hematine. 
From this it would further follow that hematoci^slalline in its natural 
pi-ocees ofdisinfegration does not split up, as it does under the influence 
of acids and alkalies, into hematine and albuminous matter, but is by 
gradual oxydation tranxfoi'med into an intermediate substauce, which 
by the epeciRc action of the kidneys ia eliminated in the foiin of 
urochrome. Urochrome then would be hematocrystalline reduced t« the 
limits of oxy disability and efiete ; of thOKi'eat mass of albuminoussubstancfi 
only feeble traces are left in the shape of the nuclei, which after chemolysis 
appear as omicholine and uropittine- The great tnasa of what would 
have become hematine under appropriate conditions leaves the body in 
the form of the nucleus, which by chemolysis becomes uromelanine. 
The probable atomic weight of urochrome, which by the syulhesia of its 
cleavage products is raised to about 1,500, fully supports these theoretical 
considerationc. 



IV, The Spectroscopk and its Application in Patholoqical 
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1. Geiieralli/, of the Spectroscope atid itt Uies. 

A ti'iaugulai' rod of glass ha^ at all historical times been a toy 
use of which mankind delighted. For it was and is now the only 
generally applicable means by which the eye can at will enjoy the sen- 
sation of pure colours. Only two phenomena of nature offer opporttinitim 
for the same observation, the glorious rainbow and the polar aurora j 
the latter as awful as the former is consoling to the inliabitant of tlw 
moderate zone. The identity of the rmnbow colours with those of 
glass prism did not escape the eye of Seneca ; and Vitellio, observing 
same colours upon the rays of light which had passed through a glosi 
water, even made an unsuccessful attempt at their explanation. Afler~ 
Aristotle hod shown the production of the rainbow colours upon a screen, 
this experiment remained for two thousand years a part of the mauitr 
optical knowledge of philosophers. Wlien Porta invented the daix 
ohomber or " camera obseurn," he facilitated the spectral obserration 
greatly, and caused Kepler to attempt a long commentary upon 
tirimaldi diseoveied the elongation which the image experiences 
the spectrum is formed. Marcus Marci was perhaps the fii'st to deecri! 
the principal experiment with (ho glass prism in his " Thaumftntiat,' 
Imt he aiTived uo closer to its actual theory than Ruini or Servetoa 
that of the circulation of the blood. 

Newton founded the science of optics by showing the nature of gimple 
colours, which be defined as light-rays of equal refrangibility. The 
difference ofcoloura was therefore based upon the different refrangibili^ 
of light. These discoveries he applied to the explanation of the vsriXion 
of colours, of the natural colours of bodies, and to the explanDtion of 
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hy a glass prism, WoUaston contemplated tlie prismatic picture projected li/gnii/kaik 
ty a sun-ray which entered the dark room or camera through a narrow of DiMmtmi 
BUt. He diereby purified the spectruin aud discovered (1802) black ^y Hr. 
IiDPs in it. He gave a drawing of five lines, besides the two terminals TtuHiirham^ 
ofhis Bpecti-um. But this diseovery remained unuseil until Fraiiohofer g ,. 
made it once more and established it as a new means for measuring 
phenomena of light (1817). He used th<- U'lesiope for tlie examination 
of the spectnim, and discovered ti groat numbur of lines, the prindpul ^f""? ^j ^ 
ones of which he Hppointcd m sttuidards of meaaiireineut for the several tg]ff^„_ ' 
places and parUi of theBpecttum. During the firwt half of this century 
fallowing the discovery of Fraunhofer. many learned pbysiciHis, par- 
ticularly Sir D, Brewster and Sir John Herschel, studied ibo pheuomena 
which were caused by the substitution of glowing Milids or gaaei> 
as sources of ligbt in place of the sunlight, and by ihe iuterposilioa of 
fluids and solids on the path of the Huii-rny before it reaches the prism. 
(Positive and negative spectra. Effects of absorption of particular ravs.) 
The data thereby ascertained were stated in phynrHl handbooks, without PoMiire tud 
pnri i en lar practical inferences, until Kirehhoff and Bunsen(1859) based at^tiTe 
npon them a new research, which cubninuied in the eBlablishment of a »P««trtt. 
law of photolytic peculiorily of chemical elcmenlR, and in the expbiua- 
tion of the pby^cal causation of Fmunhofei-'= linen ns absorptluus of 
light from the sun's nucleus effected by the metallic vapours of ibe sun's 
gaseous envelope. Practically this research effected an immense exten- Specinl 
sion of the delicacy of chemical reactionB, led to the discovery of several """'yi* of 
new elements by means of tbat extension, and to the discovery of their "f"'^"'^ 
^nerol distribution in the mineral, vegetable, nod animal world. 1 „hj^t, 
Augmented the means of studying the nature of the sun, and of the fixed 
stars, which Fmunhofer had already shown to differ optically from the 
son. The nature of heat v connected witli light luul first been dis- 
cussed by P. Provost (1T92) on the basis of bis corpuaenlw theoiy. 
Kirclihoff now maintained the identity of heat and light by thcorematn. Hot ■ put of 
and showed that heal and light are fomis of motion of Ibe ether, and liKht- 
tbnt heat is moved other vibrating invisibly in longer wavert than the 
rays which wnrespond to thu red beginning of the spectrum. 

It had of\«n been observed that various solids and fluids had particulai' 
effects upon light. Thus fluor spar awuineil a particular appearance 
when it reflected ligbt ; the colourless solution of quinine allowed all 
direct rays to pass, but appeared to reflect a blue part ; green chloro- 
phyll becAme blood red when throwing back the sun's rays. These 
phenomena wt'ix- long studied by Sir D. Biewster aud Sir John Herschel, 
nniil Slokes established their theory, now known by the name of 
fluorescence. The prismatic analyt^is of light was found to separate FluorcMetiM. 
heat rays, coloured rays, and a third series of rays, extending on the 
violet side of the specti^mi. which without special pi'ecautions were 
invisible to the eye^ but could bo made visible by the effect which they 
possessed of inuiaforming the atoms of certam soUds and fluids into 
Mlf-ligbting bodip", so that these substances when placed in these rays 
emitted a peculiar light, differing from the colour which tboy bore in 
diffuse daylight or lamplight. Or the fluorescent bodies have the power 
of transforming the movements of ether, which vibrates in short waves. 
Into long wave-vibrations. Thia power bclongf not only to lie uiti-a- 
Tiolet, ordinarily invisible rayp, but also to the violet and blue rays of 
the ordinary sun and gaslight spectrum. It is therefore that particular chemicallr 
kind of tight which is chemically mopt oefivo by effecting combination »ciiv« njt. 
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and decompogition of sensitive ogenla which »lio ehows the gretten 
inflaence upon bodies having the power of fluorescence. 

Improved Spectrometer. 

In the cholera reapnrch I <lp?erihed the spectrometer which w^s tlion 
at my commanil, and the amnunt of accuracy obuinable therewith. 
Having since found the absolute nccessitj for greatly increasing the 
means of observation, I improved tlie spectrometer in the follnwing 
way. 



IfeiT Spectrometer, 

Over the observing (astronomical) teleacopa I fix* J 
(MrrMtrial) telescope of double magnifying power, the asia of i 
was paralld to and perpeniliciilarly over the axis of the obserTiog t 
scopa. Both telescopes were provided with the nsual wires a 
field. At the distunce of 15 fot-t from the observer a m< 
large, bold, legible chaructern was put up, every point of which n 
observnblo by the adventitious telescope. By these means tha t 
originally obiiervahle by the nonius was increased as the dlstancs o 
new scale from the centre of the ring of the spectroscope, the t 
being that while before I could read ench of the 67 divisions of 
entire spectrum, I could now observe and read 200 ; or, in other wot 
J increased the accuracy of my flb»ervationji4| fold. But by introdnetii| 
A cross of Bpidsr's web into the teleseops, it was posaible to read tenlh 
of each division, so that the apparatus now enables the observer I 
massurs each of 2.0i)9 divisions of tlie colour spactrum. 

The accompanyinst en^ravini; shows the ensemble of the arranjeineiil 




by meane of which moit of ihe following obterraliorB were mule. Th^ 
lantern on the right contuDS the amingeinents for the production of 
Drunmiond'* lime-light, which is supplied with oxygen and hydrogen 
from the reserioirs on the floor. Theee are iron bottles, in which the 
gae is rontttined under pressure.* 

Subjoined are represented some of the deuils of Uie apparatus oo the 
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Spectro«copic Obaerratorj. 

spectroscopic table. One ia the slit instrament, with arrangements for 
widening or narrowing the slit by means of the screw on the lolt. The 



* XMt Twy ooBTsdast torn of appaiMiu is i 



t b7 J. Orcbud, opticiu, 




This nrr&ngemenl ie represented ii 
nent here shown. 
Th^ F^land with sliding holders in used for fixi 




befl^ the slit of the spectrOBCOpe. It is so arranged thai for the aprlin 
clunp' isolated ebonite holders can be substituted, to which the t 
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lenniiialB of An electru: battery and RuLmLorH'i-iiil niv fusitineiJ. In tLe Amxuin. 
engraving the temtinala uv encloged in a tube which carries n con- ~ — 

denser. By thie ammgement the ere is protected from the glare of „ ^Oa^ieal 

the sparfc, sod able to observe any fluoretwcnce or pooitive K{>eclra[ i^tifiMiian 
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Tnni|{hi of QiuiU for Floorewence ObMmtiooa. 

phenomena, without interference. For the fluorescence obsorrations, 
little troughs of quartz, as represented in the accompanying cuts are 
used. When the spectra of Tnetati are to be ob- 
served by means of the Eipark, two pieces of wire of 
the metal to be observed are clBmi>ed in the tittle 
pincettes of the isoluted ebonite iiintrurocnt rcpre- 
sente<l in the engravinjr, which can Ixr fixed to the 
stand above figured. The obncrvalioii, by mentis of 
the speclroHcnpe, of ibc ipark, which pa.'^ses from one 
wire to the other, then yields the spectra of the 
metals of which the reopective wires are coijipof«d, 
superposed upon the peculiar spectrum of the 
electrical light, and of the gases of the air heated by the spark. 

The influence of pure gases upon the spectra of the xpark and of InflncDCc of 
mctola is ascertained by the comparison of the spectra which the xpark ^J***,°5^" 
gives in atmospheres of pure gas. For this purpose the poles are enclosed „id metalUc 
in n gla^ vessel, through which a current of the gas which it is desired ipectta. 
lo examine can be passed. 
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By the ude of the stand and its isolating attachments described in the BunwD't *t 
forgoing, the stand devised by Bnnsen, and fignred in Uie annexed asdbetd- 
wood-ctit, ia required. It carries a rapfjy of platinum-wires fused in the ewrier. 
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By the side of the foi'cgoing spectroscope, I frequently liEid occafflon 
to use two other apectro scopes. One was the iiislrument here repi* 
aented. It ii provided wilh a. sulphide of cnrbou pnsm, which can be 
turned round its perpendicului- axiu by means of the turntable on which 
it stands, and to which the perpendicular rod aud hurizonia] clampel 
lerer are attached. The telescope- tube projecting on the right besfl 
the circiitar slit iustrumeut described and fi:iiired abore, while the Mtr*- 
nomical telescope on the left is provide? with the BlidinR Bcreeoii 



Kcogiiated b^ Dr. A. Dupr^, and represented in their w.taul useusder 
At« paragraph relating to the Epectrum of sodium, which will be found 




of the prism, here lumed towai'ds the epectator, i 
lowarda the back of the box. 

This fpeetroscope is now generally abandoned, on account of the 
currents product-d hy lieat, which easily disturb the i-efrocting medium, 
and make the spectra inaccurate. Tills error is, however, evanescent 
fflien a common gaslight is ueed, In my researches I found this appa- 
lif, and the still more f^imple spectroHcope already descril>ed in my 
report on cholera, invaluable. For the turniag of the prism admits ol 
the lengthening nnd shortening at will and before the eye of the observer 
of uaj part of the spectrum, according to the position which the prism 
im made to aaaume with relntion to the incident ray of light, By tbeae 

Erementa faint absorptiona can eumetimes ba diseoverEd, which would 
tMherwlM be perceived. 
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The moal simple form of epectroscope h the one figured herewitb. 
sliowB the entire Bpectnim at one glance, »ad of great brilliancy whei 
Milpliidc of CQi'boii pri™ of a refracling nngle of 60° is used. By h 
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In^lriimentBlity the Hue absorption-linea of lluopitline, boviprusiue, and 
livo-bunded hemutiae aiid ci-uentine, deeuiibeil in some of the tbUowing 
paragraphs, were discovered. It shows Fi-aunhofer's lines in difliw 
daylight, and gives a good Bpeeti-uin with any candle. In the absouM 
of 6un-Iight I use the medical lanLem,* contniniug arrnngemeiito for tlw 
production of Drummond's light by means of spirit and oxjgeD. 

The spectral phenomena, which cannot be investigated by means of 
the elettiic spark, and more particularly the phenomena of fluoresocnoe. 

• I iiuagined this apparatns for the ilhiniiuation of the nasal cavity, the pharjiij: *ti 
larynx, and other medical and surgjcsl purposeR. !□ respei^t of cuDveniencc, ili> 
snpetlor to any other light hitherto recommended, and in respect of pover il i> 
inferior only to reflected lun-light U in maonfactBTBd by J. Orchard, optician, of 
KcDBiD^on. 




200 

best applied hy means of & system of quarts lenses, which throw <i 
light of tbo sun into the fluid directly without the intervention of a 
glasB, in thecaanner repreaenled in the subjoined engraving. 

For ordinary pnrposes a common gluss kna serves very well, a 
the intervention of the glass of windows or vessels is of no particul 
coueequenue. But for exact study all glass bas to be removed, ; 
fiuoreaccs itself iu some degrce,oud consequently would absorb the 
which are able lo- produce fluorescence in fluids partly or en 
before lltey could have reached ihe fluids. In such examinationi v 
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of quartz, of ihe shape of those iibove represented, but of 
■ize, have to be used, which, like quartz lenses and piisme, kWtnt 
fluoreseent rays to pass without perceptible absorption. The fliiorvi 
cone should be iiiB|iected with a Nicol prism. If it be due lo 
ftuorescencc, it will remain unchanged when the Nieol is turned n\ 
its optical axis before the eye, but if it be caused by false 6uorei 
that is to say, by the iUumination of fine suspended parliclee, it 
alternatelj become darker and lighter and of its original colour. 

I must reserve for a future opportunity a fuller account of 
ma^ificent method of investigation, the latest and fullest developmeiil 
of which we owe to Professor Btokee. I have used ite ['lemenia^ 
forms throughout my researches, nud by itH aid been able to idenlilj 
many substances, and to discover at least hve new bodies. tSuch aR 
fluoresceutioe, — an organic alkaloid derived from albumen, whit-li, beii^ 
colourless, fluoresces with a violet colour; omicholino and omicholk 
acid, being red, and fluorescing with a green colour ; a deriTate 
hematine, being red, and tiuorescing with a gross-green colour ; pinot 
denvate of heraatiue, fluorescing in its own red colour, a novel 
most remarkable phenomenon. Omicholinc and omicholic acid, antl 
green fluorescent derivnte of hematine, exhibit the reversion of 
phenomena of chlorophyll, which is green, and fiuoresces blood-reJ. 
But the green fluorescence of the hematine denvate if particularh 
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temarkable on account of ita bearing iipon tlie so-called " diplii-otsm " of 
ftematine, or the property of cerbiiu of its solulloas to appear green in j^ T 
"■ ■ I, and red in thicker layers. 0, Ckf>!>it»l ~ 

Idenl{iicatiem 

tplication of the Spectroscope to the Discoveri/ of Metals in Human of Ihttata, 
Tissues and Fluids. ' h ^r- 

Metals occur in the human body aa normal or abnormal ingredients. 

The QormBl ones are couslantly present. ThoHo which are certainly Metils in 
eesential are potaesmm, Bodiuin, calcium, magnesium, iron ; those of hBDun bodj. 

» which the presence is perhaps only accidents], though constant or at 
least only in substitution of sodium and potassium, are lithium, rubidium, 
caesium, copper, and maogaaeac. Of abnormal Ingredients wc have 
two classes, innocuous and poiaonons ones. To the former we class 
strontinm, to the latter barium, and a series of the heavy metals, which 
may be medicines or poisons, or both, according to the quantity in which 
they are present in the body. Such metals arc load, tin, thallium, 
I iridium, mercury, silver, antimony, arsenic, bismuth, nickel, zinc. 
^1 A considerable number of these metals may be recognized at onco 
^fcrheo a small piece of tissue is held in the flame of the colourle»a gae- 
^■burner, and the flame is analysed with the s]>ectroscope. But it ia 
^^K'Sreferable to first calcine the parts and fluids, after evaporation and 
I drying in platinum vessels, lixiviate the ash with water, then with 
hydrochloric acid, ultimately with nitric acid, or if only ordinary metals 
are inquired for, with hydi'ochloric acid only. 

The hyilrochloric acid solution of the afih of the human body gives a 
splendid spectrum, the field of which shows many red, yellow, green, 
and blae lines in various parte of a dark field. By careful measurement 
it is found that these lines are peculiar to six metala — potassium, sodium, 
lithium, rubidium, caeetum, and calcium. Magnesium and iron, always 
present in the ash, do not influence (he spectrum under these circum- 
stances. See PI. VI. Si>ectr. 8, marked "Ash." 

The spectrum of sodium {see PI. V. Na) is distinguished by a yellow Specimmof 
line, which coincides wilh the D line of Frauuhofer, On dose inspection •""'"■" 
with the magnifying glass the lino is seen to consist of two lines separated 
bya thin black line. When much sodium is in the flame a little yellow 
illumination appears on both sides of tlie line, as an indication of a con- 
tinuous spectrum. This yellow becomes intense when metallic sodium 
in a burning state is analysed before the slit. Then the two yellow 
lines fuse together with the continuous dazzling yellow spectrum, and 
the dark line only is seen. It is not easy to determine whether the 
yellow lines actually become dark, na the light has a very dazzling effect 
upou the eye. This reaction of sodium is the most delicate as to 
sodium, and the moat intense amongst the reactions of the metals of the 
alkalies and earths. When faint lines of other bodies fall close to these 
yellow lines the former become invisible, as the yellow ones dazzle the 
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To make the feeble lines visible, it is frequently nei'cssary to excludi' 



the sodium line from the field of sight by a special arrangement of 
screens, fixed as slides in the observing telescope. (Dr. A. Dupr^.J 
S0S71. 
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The eye can yet recognize one a o n i gTTi^ PW^ of " milUgrKume of 
Bodium by this reaction. As two-thirds of the earth are covered with 
a solution of chloride of »odinm, and as great mnases of seawater are con- 
Btantly pulverised, the sodiam ia everywhere. Its aotiseptic propertiea 
seem a special provision against the contamination of air, Garth, and 
WBl«r, 

Lilhium yields as fervent vapour two lines — one Li a, red, strong : 
another Li p, yellow, feeble. Its reuctiou is very di:lica(e, as i pa i offo tha 
of a milligramme can yet be recognized. It is constantly present ia 
sea water, salts, soils, animal and vegetable ashes, and is most extensively 
distributed over the earth. The oshes of human blood always contain 
a notable quantity of it. 

Potassium gives a remarkable continued spectrum with two charac 
teristic lines — one K « iu red, in the ultra-red region, coinciding with 
tbellne A of the solar spectrum ; another blue, K ^, is In the violet end 
of the solar spectrum. These lines arc comparatively feeble ; to see 
them well in the roagnil^ing spectroscope, great mosses of material 
andgreat heat are necessary; it isbeit tool 
a flame of hydrogen, from n Dobereiu ' 
apparatus. 

The apparatus which I employ is 
of stoneware ; the inner jar fits tight inS' 
Ihe neck of the outer, and stands upon ib 
bottom. It carries the spelter opon t 
pierced movable tray. The outer jar coo- 
taiuB the dilute sulphuric acid. As soon 
n^ tlic tap is open^ the acid enters tht 
iuniT jar and evolves hydrogen gas ; ibil 
rises, ia filtered in the first cotton tub* 
again in tlie second tube continuing Ali- 
ments of pumice stone soaked wiu sn- 
phuric acid, and is at lost burned iroa a 
platinum jet, fixed in the proper plate- 
The evolution jar must be kept sufficictUlf 
distant from all flames, so that when aC tbt 
conclusion of an operation the collectio; 
gas presses out the acid, and with it i 
any surplus gas escapes, the mixture of 
air and hydrogen in the outer bottle nuj 
not be fired, but dissipated by difiiinA 
Orchard's compressed hydrogen can alaoh 

The spectrimi of caesium has tliirM 
lines, of which only three are characterialii^ 
Ca s and Cs ;3 are both blue, and situtid 
midway between F and G, and Csy, a"- 
ated between C and D. The other liofl 
are yellow and green, and appear onl; 
when the light and heat of the bnniiij 
metal are great and strong. Tii«r« i* 
always a blue continuous spectrum ia llf 
middle which makes particular k 
by me«nB of the apparatus above i 
nece««uy to see the lines one I 
other. The three principal lines i 
y^^ jafroo milligramme caesium. 



ImpmtYi] DilbereLner's Ap- 
parstua fiir the Kvolutiiin of 
Hjdrogen Gas. 



Rubidium has 10 lines ; of these, two red ones, Eb y and BbU 
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[ ntuBtedonbotbudesof tbelineA, in the fkrllieBtpartorendoftbe eolu- 
Hpectrum; Rb a and Rb ^ are violet, and Bituated between G- and H. 
The other six yellow- and green lines are not ordinarily Tiaible because 
of the continnona Bpeelrum which appears in the niiddio of the field. 
Of this substance -jn^ milligramme is yet necessary to exhibit the two 
violet linee. 
L Calcium gives a spectrum containing nine lines. Of these 4^ a is 
I lather a band of orange colour, situated on the red side of the T> line 
G& ;8 is a broad green band between D and E. Between these two there 
are fire lines which are of little use for the diagnosis of calcium, as the 
almost universal presence of sodium causes them to be so feeble nn to 
become imperceptible. The eighth line is nearCaa, and towards the red 
end of the spectrum ; tbo ointli lint; i.i violet, and seems to coincide with 
the two violet tinea of rubidium, Rb a and Rb $. The reaction shows 
ma^a n milligrammes calcium chloride. It is of great use iu animal 
and pathological chemistry. Having lately to examine a pathological 
biliary salt, I calcined a minute quantity, and anal;«ed the hydrochloric 
Kcid solution of the asli, Q& a and ;3 appeared, without any other metal, 
even sodium was absent. This inlbrmalion could not have been obtained 
except perhaps at the sacrifice of 50 limes tlio qnantity of material 
actually employed. Spectroscopy tliercfore effects an economy of 
valuable materials and products which exist in quantities absolutely 
limited.* 

Strontium is distinguished from calcium and barinm liy possessing no 
green lines in its spectrum. It has eight lines, six red, one flrange, and 
one blue, of which four are diagnostic, ^r a, orange, is situated near 
the sodium line towards red, Sr fi and Sr y are both red, and the fourth 
b the bluo Sr i, which appears between F and G, close to tlie two blue 
caesium lines. t ; ,„% js„ milligr. stioutium chloride give a clear reaction. 
Stixintium has been used to investigate the possibility of the eubeti- 
tntion of calcium by this earth In animal processes. Chicken, were 
bd with food containing much strontia, and their egg-shella were 
xamincd. But it was found that nature could not be deceived into pro- 
nciug etrontia shells instead of chalk shells. Only the smallest traces 
it Btrootia could be discovered in the solution of the egg-sbeJIe. 

Barium poaseaaea tlie most complicated spectrum amongst alkaline 
tarth metals. It baa fifteen lines, of which two aie red, one is orange, 
>ur are yellow, mi green, and two greenish blue. Of these only three 
reen lines are diagnostic, ©a a, a broad green band between E and b ; 
ia$. close lo b, towards blue; and -Say, much less clear than tbo 
ther two, situated between D and E, in the »amc placo as Gu p. 
letwcen Sa ^ and & y arc three green lines, of which two have been 
marked 4ia & and Sa ^ ; between b and F there are besides & fi, 
/wo very feeble stripes of greenish blue ; an orange-colorol line, Sa f 
I sitoatcd near ta Sr a. Between the orange-colored and gi-een fia y 
taes there uta fo:ir yellow lines, very similar to tlie five yellow lines 
t the calcium spectrum. In the direction from dia orange-red hno 
bwords tbe red end of the spectrum two rod Rlri))es are visibU. 
iUigr. bai'ium (ddorute pves a good reaction. Increase of IkM 



• 3peMroMi>py is rieo iwefu! In fornisWog cMua! information. Thus the n»h«l end 
' a cigar, moisiened witli hydrochloric acid and held ialo (he flame, yields the linf 
of «odiam a, potassium o, lilhium o, caesium o, rubidium o, nnd enlciiuii a and P. 
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nnd quantity of niat«rial raises the brilliancy of aU lines in proportion 
their original intenaitf ; but the feebly green ^s, i] forms an exceptit 
which, hardly visible in a feeble spectrum, which does yet show S» 
quite well, by intensity of heat and quantity of material becomes 
more brilliant than Sa y. In cases of poboning by barium 
(popularly known as muriate of barytcB, or barium chloride), the spectro*^ 
scope is able to fumish quick information. 

Of other metuLt occurring in the human body, magnesium, , — 

maDganeBc give uo apecira in their compounds which would be useftgi 
for the recognition of email quantities. Manganese, however, can IM; 
recognized an chloride (Plata VT. Mn Clg) by certain light lines, whid£< 
seem to recur as absorption bands in permanffanates. Of these wB yn$.\ 
speak lower down. 

Amongst the poisonous metals there are only two, thallium 
iridium, which can be recognized by the gas flame reaction. Thallii 
has but one line, Tl a, which is green, sharply marked, and situat 
between U and E close to the latter. It is very possible that tballmin 
may contribute to the production of the insalubrious lur which prevail* 
in some sulphuric acid factories. To the animal body it is certainly a 
virulent poison, and the toxicologist has to be prepared for its diagooais. 

Iridium imparts a violet colour to the flame. Ita spectrum l^ two 
blue lines Ir a and ir 0, of which the former is near to Cb» and to- 
wards the violet, the second about midway between Rb a and K ^ 
The spectrum is most brilliant wheu the volatile chloride b used. 

The spectra of the other metals occurring as poisons in the human bodr^i 
and also those of iron, see Plate VI. Spectr. Fe, and cobalt, cannot be toaoBJ 
to appear by means of so tdmplo an apparatus as Bunsen's burner. Th^ 
i-equire either the heat of the electric spark produced by a strong bat- 
tery and a Riihrnkorffa induction coil, or the electrical arc between tim 
carbon points of an electric lantern furnished with the power of bI 
least 30 Grove's elements. Of these methods only the former offers 
opportunities for the recognition of small quantities of material ; the 
hitter requires lai-ger quantities, and is therefoi-e in its present shape 
not suitable for toxicological research. Of tlie heavy nietala tin and 
mercury are best examined as gases, the former ns chloride, the Utter as 
metallic vapour. I will therefore describe their spectra with those of 
tho permanent gases. Indium gives the speotmm pictured in In H. V. 
Plate VI. gives the spectra of didymium, erbium, copper, and alYO, 
besides those of boracic acid, coal gas, and the electric epai-k. 
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Speelra of Simple, Fermanent, and Compound Gages, 

Gases are examined by means of an electric induction spark 
passes through their extremely attenuated atmosphere. The apparaias 
is termed ailer its inventor Geissler's tube, and consiate of a ball and a 
cylinder of ghiss, united to each other by an esti-emely thin-bored ther- 
mometer tube. At each end of the tube electrodes of platinum or 
alaminium are inserted. The tube is filled with the gas, and then ei- 
hansted with the air pump until it has only the -g^ to y^ part of the 
ordinary pressure of the air. In that state of attenuation the gas offers 
oidy a very alight resistance to the spark, which therefore passes through 
seycral feet lengths of tubhig. The gas becomes very hot, and ihrongh 
this fervence emits brilliant and beautiful lights of various colours. The 
electrodes are ordinaiily not volatilized, and not changed imle^a the ga* 
Pimbines with a portion of them. 
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DiagnoMts of Gaset by their Spectra in the incandescent State, 

OKjgen can only be examined with electrodes of nluiniiuumi platinum Diagnose* of . 
oncM are orydiHeU. The spectrum, obtained by plucmg the GciB«ler*8 K"^ hy tl 
tube tlirough which the electric spark is passing before the slit of the »P*'^""> 
spectroscope, shows nine coloured Unea. The moat brilliant are a red Oxygen, 
and a Tiolet one, then follow in order of strength of light two green, 
two blue, two greenish yellow ones, and lastly a dark red line. None 
coincide with any of Fratmhofer's lines. 

Hydrogen forms three light lines. The red line near C is the most Hydrogen, 
intense ; next is a greenish blue line in the place of F, sjid the third 
violet line la feeblest. Water vapour decomposes uuy electrodes, aud 
gives the hydrogen spectrum. 

Carbonic oxyde is obtained by the examination of cai'bonic acid, Carbonic 
which is reduce!. Its spectrum contains eight coloured lines, between oiydc 
which 10 dark lines are distribated. The most prominent are, one green, 
one greenish yellow, and two violet ones. 

Many hydrocarbons yield identical spectra when burned in the air. Ilydrocarb 
The inner cone of ordinary coal gas burned in Bunsen's burner, parti* 
cularly the variety provided with a blowpipe tube, gives a spectrum 
which varies slightly with the quality of the gas. Four conical" bands 
are easily distinguished, of which two green ones occupy the place of 
■&a aud .3a y, the space between being illuminated by feeble green ; 
then there is a blue band iu blue, and a violet one in the violet region 
of the colour spectrum. There is a generic similarity of this spectrum 
with that of boracic acid in the gas-ltamo (four green bands), which 
inclines one to the idea that it might be due to carbon as the latter is to 

Anhydrous acetic acid, alcohol, and ether yield, the former nine, the Acetic acid, 
latter two eight lines, which belong to carbonic acid (reap, oxyde) and Alcohol tat 
hydrogen. . «''^- 

' Conical, showiDg (bat the phenomenou is limited to a space hardly loBgel than 
the sht of the tpectroKope, and more intciiie at its bsH than at ita iiunmit. 
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Chlorine yields six colouretl and eleven dark lines. Diagnostic i; 
band of four yellowish green lines, a broad green line, and a treble bltuj 
line. The distribution of the coloured bands amongst the dwk ones il 
very intricate 

ill chloride of tin three diagnostic chlorine lines appear, but fivaj 
other lines, one yellow, another yellow double line or band cut in two byj 
a lighter line, a, green and a blue line, necessarily belong either U 
tin or to the aubctiloride of tin, either of which may be formed ii 
reaction. 

llydi-oehlorlc acid shows the lines which are peculiar to hydrogi 
and chlorine. 

Chloride of sillcium shows twelve lines, three of hydrogen (inipuntj)^ 1 
three of chlorine; Stc or six lines only are therefore diagnostic rf"! 
silicium, or silicium chloride ; of these one is red, one orange, two ar* 
dark violet, and one a light green hand witli a lighter green line in the 
middle. 

Burning phosphorus gives a continuons spectrum ; its dilute vapoara 
in a tube do not permit the spark to pass. Its chloride yields black and . 
red stripes, three lines diagnostic of dilorine. And three lines, one oran^ J 
one orange yellow, and one violet, which ai-e vet7 brilliant nod intens^^l 
coloured, and twlong either to phosphorus or its chloride. M 

Bromine yields a spectrum with nineteen light lines, of the most Tuiajta 
colours, two red, one orange, eight green, foui- blue, and four vlolotfl 
A green and a blue lino are the most brilliant. fl 

The spectrum of iodine contuins more than twenty lines, of which foscfl 
red, one orange, four yellowish green, two green, two blue, and twol 
violet, are particularly clear. 1 

Mercuiy in a tube so attenuated that it boils ut from 40° C. to 50" C. I 
shows nine lines, one yellow, one green, (ind one violet, one beit^lV 
distinguished by brilliancy. ■ 

The spectrum of nitrogen is very complicated, and extends from tb^'a 
line B to H ; in the part from the red lu light yellow it containk ■ 
seventeen dark lines at perfectly equal distances from each other ; in I 
green there are further seven dark lines, at unequal distances from each 
otlier. At P the spectrnm begins to show coloured lines and groups (rf 
lines ou a dark field. Of these thirteen can be distinguished, amongit 
wbiuh a blue one and several violet lines are the most brilliant. The 
violet end of the Hpectrum extends very far, and can be made heautifoUy 
visible by fluorescent substances. These substances show that hydrofen 
possesses no such fluorescent spectrum. When the slit of the spectroscope 
is made wider, the groups of lines of the nitrogen spectrum fuse ta 
continuous bands of greater width without any dwk intervals. This 
illustrates a frequent occurrence, namely, that broad bands, by narrow- 
ing of the slit, are resolved into bands of the width of the alit. lbs 
spectrum of air contains the lines of nitrogen and oxygen. 

It must be left to the Aitnre to decide how far these spectra t 
practically utilized in the diagnosis of gases which occur in the i 
economy. Such gnaes as occur in morbid emphysemata (in the o 
tissue of cows during cattle plague, in contused limbs with 1 
blood) in the blood in various conditions, in cortnin internal c 
tissues as results of diseases, have hitherto mostly escaped aii_^__ 
their small quantity makes the ordinary methods inapplicable 
attention of inquirers must henceforth be du^cted upon their a 
by means of the cleclro-spectroacopical method. 







Application of the Spectroscope to the Diagnotis of Coloitrrd Gates, 
Fluidt, and Solid*, b^ meant of the Phenomena of Ahiorptiou. 
When coloared trnaslncent bodica are pluced in (tie path of the ray oti CSumieti 
or BUQ or lamp light before it enters the priam, they fruqoenlly effect % Idcmtifianiam 
change in the appearance of the spectrum. Cenaiu parl§ ore exiin- -'— - 
guished, others altered in colour, and these effects are fonnd to be specitic 
to bodies of definite chemical compositiou. The gaites of iodino, 
bromine, and nitrous acid exhibit a great number of hsir-Hne lined, 
similar to the lines shown by the solnr epcctrum itself, but of diflcrent 
theoretical value. The lines of nitrous acid increase in iiumlier by 
heat, and decrease by cooling. The vapour of indigo on the other hand 
poBsesses no lines, all the more singular as its solution has a jianicular 
lino or band in its spectrum. Such changes in the spectrum indicate that 
these bodies so alter the motion of a certain part of the light that it iii 
unalilc to produce an effect upon the retina of the eye ; the change is I>«Giuuan a 
t^?rmed slisorptlon. Amongst llie solid bodies the coloured glasses arc *l>*»n>''<'»- 
the most powerful in the production of these phenomena. The red Coloured 
varieties, termed rli by-glasses, which owe their tint lo anboiyde of g'»«"- 
copper, are the most horoogeneous. TUey only allow red and a small 
part of orange to appear In the spectrum ; all other colours are more or 
less absorbed. The orange-coloured glasses containing iron oxyd^ 
the light yellow ones containing silver chloride, the smoke-yellow onee 
containing antimoniate of poiaasium or noot, and the green glasaee con- 
taining oxydo of copper or chromium, allow the greater part of the Cobalt-gM 
spectnim to F and G to pass. But mopt blue glasses show particnlor 
obscuration in the shape of bands. As tfaeeo are frequently naed 
as spectacles and windows in eye -infirmaries, and are known to be 
coloured by cobalt, it is oeeessary to consider the influence of this metal. 
Some sodium diborate moistened with a solution of cobalt-chloride was 
I'used to an eye of platinum wire, and the pellncid blue pearl while soft 
pressed between platinum plates ; it showed three bands in the qiectrum. 
Band. UvitDremeut. Width. laleaiiiy. Budi. 

1 in red = 142" 23' — 142° 6' = 0^ IS* 3 

2 in yellOTT 
to green 

3 in green = 141° 12' — 140° 58' = O' \& 
not clear. (approximatively). 



! 141" 55' — Hr24' = 0°3 



Intentity Diagram of the Spee&um of Sodium Diborate Cobalt'gtat$. 




No further shades in green and blue. 
The spectrum of a beautiful blue glas 
& Son's factory in Whitefrinrs gave 

Band. UesBuremeDt. Widlb. IdIcd 

1 in red - = 142° 43' - 142° 12' = 0- 30' I 

2 red and orange = 142° ff - 141" 48' = 0° 12 4 

3 in green - = 141" 24' - HO' 51' = 0° 33' ■I 
No ebadea in green ud bine. 



On Cfirmicai 
Identification 



Specimen of blue glasa No. II. 

Btnd. Meunrement. Width- IntoiBitj. Bai 

1 in red =142" 0' ~ 141° 36' = 0° 24 3 

2 ill green = 141° SO* — 141" 0' = 0= 30 2 f 
No further shades in green and blue. 

Intetisity Diagram of Spectrum of Blue Glass. No. IL 



T 



on of Tlie solution of cobalt-chloride employed for producing the blua 

Dobftlt chloride, bgaj nhove described hod a pink colour, no abeorplion in red, j-elloir 
less vivid, and abroad band beginning with green and reaclung to blue. 
« = lH" 30' — 139° 12' = 2" IS'. 
The blue was then continued to the end. 

IritcHsify Diagram of Spectrum of Solulion of Cobalt Chloride. 
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This red solution, therefore, absorbs the green rays as completely U 
the blue glass absorbs the green of plants. 

The foregoing ohseiTations can be multiplied and varied upon diflt 
rent kinds of gls?s, fKJverftl layers of progre.^sive thickness, and therehy 
undergo great variation. All effects, however, result in a great abbre- 
viation of the red part of the spectnim, in n pallor or absorption of the 
yellow, in an obstruction ond absorjition of the green, aad perhaps • 
prolongntion of the blue. Huch glass therefore excludes from the 8J» 
a great mass of colours, or of such light as has the most exciting effeot 
upon the retina. 

Some violet glasses, coloured with oxyde of mauganese, show a dark"! 

ness about D, and another in dark green and beginning of blue. W« 

observe phenomena reminding of these in solution of permeuganate (rfj 

■ potassium, A very dilute solution is dark rose-pink, and shows aft- 

absorption baud from yellow to blue, and some further shading, 

MetuuremvQt. Widtb. 

141° 36- - 140' = r 36' for black hand. 



\i(X- - 139' J 



= 0° 30' for shading. 
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The first part of band seems to be a nwrow band, a, a small iuterval AppisnntB 
of feeblest light succeeding ; then a broad bund, 0, then a uarrow feebler 
hand, y, seems t-o follow- ; ultimately the ebnding nearest to blue. 

Idtntifi 
Intensity Diagram of Potassium Pennanganate Spertrum. 
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The violet is absent. Compare with these absorptions the four posi- 
tive bands of manganic chloride, 

Of crystals, ibose of didymium salts offer the most interesting phono- TJidyiniiiiB 
mcna of absorption (see diagram in Cholera Report, p. 493), as lliey "7^'^*^ 
are the direct reversion of the spectrum of the fervent didymium Hame. 
Erbium offeni similar appearances, through the reverse of ita al>sorp- Erbium. 

tion spectrum is not produced by its vapour, but appears by the simple 

glowing of n bead of its earth. 

The Effects of Fluids upon the Spectrum. 

These ai'e absorption and fluorescence phenomena. As they may be Elfcctirf ft 
useful hereafter for the ready diagnosis of (toisons and medicines, and "P" 
for other purposes of forensic medicine, I have subjected many of them "P^*"""- 
to examination, Tlie principal application of spectrology will, however, 
be to the chemistry oi the normal and pathological ingredients of the 
Iwdy. While, therefore, 1 shall slate of general researches only the 
shortest results, X shall devote n special chapter to the elucidation 
of the spectral phenomena of the blood, ils physiological and patho- 
logical changes, particularly those effected hy poisonous gases and fluids, 
aud to the changes effected in the spectral phenomena of blood by 
chemical agents, or the spectrology of hcmatino and many of its derivate^. 
The latl«r will alford me an opportunity for proposing a new method for 
the discovery of blood in medico-legal cases under particularly difficult 
circumstances, whore hitherto all other proceedings have failed. 




Pcrcha, glass nnil brass. 



Many of these solutions were examined in test tubes, or bottles of lai^er 
diamet^. Others wereplacedintohoUowprismswhichl had made for the 



910 



■bnnix. purpoee. Such a priHin conBiBts of a wedge-shaped e«U of gotta, p«TChl^ 

W' open on both its long sides and lined with india rubber ; two plecea of 

"''■ '■ piate-glasH are strongly preMcd upon these sides by means of the brau i 

Jdmi^tim ft'™^ ^"1* ^"^""^^ **■ '^^ ^"^- '^^^° '='**^^ ^® npparatos can be filled 

a/DUeiJn. and emptied by the aperture on the top, shown in the eograTiog ae j 

f<f Dr. closed by the gutta percha Btopper. It is never taken to pieces except 

ThudicAum. f„r thorough cleaning. In such a prism one and the same fluid c 




I 



Proiongalion 
of red pan o 
Bpectnmi, 



Larger bDlloW Frism lor 



dilute FJuids. 



be examined in layers varying from half a centimetre to three centi- ' 
metres in thickness. Two prisms can be used placed in opposite direo- 
tions for Btudying the complementaiy effects of diflerent solutions, 
e.g., of Eulphocyanide of iron and prussian blue in oxalic acid. Among 
the apparently monochromatic fluids the yellow- colon red ones mostly 
allow the entire spcctrnm to pass. The pure yellow tinctures of sabadilla, 
ilatura, belladonna root, colchicum, colocynth, nus vomica, and caatlui- 
rides offer no particular features in the Bpectrmn. Those which like 
certain kinds of olive oil show absorption, owe this quality to an adnuZ' 
ture of impuiity. Of red and blue solutiona, those of tulphocyanide of 
iron, of pruBsiaii blue, and of ihe ammoniacal solution of copper-ozydi^ 
permit a considerable part of the spectrum to pass, Sulphocyanldi^ 
however, when coupled with a layer of pruBsian blue, extinguishes (Jw 
entire spectrum. 

Some tiolutions prolong the red part of the spectrum in the direction 
of the heat spectrum. This pcculiaHty belongs to a particular variety ' 
of pure yellow oUve oil, and to the essential oil of the Bergamo lemon ! 
peel ; nUo to certain kinds, not all varieties, of tincture of i huharb, after < 
dilution with spirit of wine. These fluids sIho exhibit ablack nhsorptio 
band in red | in the less pure and very impure olive oil two more feeble . 
absorption bands in green appear. All these absorptions are probably : 
due to the admixture of xantbophylline. Animal fats, including bmnan, i 
have never yet been found to posseas absorptive qualities, although iliey 1 
are frequently very powerfully fluorescent. It is curious that some, not ' 
all varieties of the tincture of rhubarb, orange peel, and of compounds 
made with their aid, show bands in red of variable breadth, whitji have 
some similarity to the band produced by hematine in alkaline alcoholic 
solution, and to the first band in red of acid hematine solutions ; but the 
differences are clearly and easily evolved by careful rannipulallon, to be 
described below. ' 
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Of ptnsonoiiB tinctures, thttt of aconite yields n epectrum coincidiDg 
byits bands with tliat of lanthopliyllinc produced from chlorophyll, 
(Yalentiii i Simmler.) The tinctures of honilocli and foxglove yield two q^ 
xantfaopliylliDe bands, of which the S£«ond is rather a narrow line than a 
band, I'lie tincture of hyoscyamus shows only a. band iu red, and the 
rest of the epuctrnm clear. 

Many alkaloids yield peculiar colour-tests wilb Tarious agents, such 
as sulphurii; acid and potassium diochiomale, manganese, nitric acid, and -i-iDchire of 
others. Not one of these, whether possessing poisonous, medical, or jmnlte and 
indifferent pi'operties, yields by such reaction coloured fiuids which other vegctatile 
show any pai'ticular spectral phenomena or absorption banda. ( Valeutin.) paisonn. 

Many coloured fluids of oi'j^anic and inorganic origin show one or c^lour-teiu of 
more narrow or broad bands in the yellow, green, or blue part of the BlkBloi<lii jiclil 
spectrum. Such are chloride of chromium, the solution of cobalt, per- '"' **"<*»- 
mangauDte, indigo, and others. Of all these I shall attempt a. systematic Vinous fluids 
arrangement iu a future elaboration. P'o band" '" 

Some solutions which have little colour of themselves, such as iron r'""* '" 
ctiloride and copper nitrate, sulphate, and acetate, absorb (like the oxalic ^'??""|! ,.j, 
acid soludou of prussian blue already mentioned) thu red part of tlie Jl^'^nj^,^"^ 
spectrum. These latter blue solutions are therefore frequently "—' '— 
investigations concerning the fluorescence of substancei. 

The potaasic solution of oxalate of chromium-oxydo) even in so dilute Peculiar 
a state that the eye hardly perceives any coloration, absorbs tlia yellow of powssic 
rays in the neighbourhood of D. Tliicker layers or more concentrated ^^" ^ 
solutions absorb the rest of the yellow, tlie orange and tlie green rays "^ *"' 

next to yellow. Very concentrated solutions allow lite red raya only to 
pass, and (hen a dark line of l-'raunhofer'a can he seen, which is ordina- 
rily Tisible with the best prisms only, (Brewster.) Oxalic acid mixed 
with rod chromate of potassium gives a dark violet fluid, which allows 
red to pnsH. absorbs all light from C to half-way between C and F, and 
then green to a liltlo Ijeyond F. The dry residue of this fluid, which Grreo aslat 
foi-ms into scaleti, gives a similar spectrum, (Valentin.) I have examined "'.''^'^?'"5 
the green fluids which chromate and sulphuric acid give with matters ^j ,^^117 
which are oxydized with the mixture, e.g., alcohol, and found them (o 
yield particular absorptions. The permanganate spectrum has already 
been mentioned, as also the phenomena exhibited by didymium com- 
pounds. Those of uranium also show »bsoq)tiou bands. (Brewster 
and Gladstone.) 

Amongst the coloured substances occurring in nature, or produced by D;es. 
art, which are used for dyeing, none appear to possess the properties of 
simple colours, inasmuch as all pennit more or less of different colours 
to pass. If any possessed only one colour, it would allow only that 
colour to pass, and would give a specli-um showing complete darkness 
everywhere except in one particular place, where a coloured liand of the 
widtn of the elit of the spectroscope would appear. Nevertheless many 
of these matters have peculiar effects upon the spectrum, by which they 
can Ije distinguished, however similar they may appear to each other in 
ordinary daylight. Some of the solutions, when examined in certain 
coneentrations, allow no light at all to pass ; others allow red to pass 
e^-en through very thick layers ; others, like picric acid, allow red, 
orange, yellow, and green to pass. Their phenomena on progressing 
dilution are also noteworthy. Frequently the blue and violet part 
become visible first, and the absorption remains only in the yellow and 
green part. Picric acid, however, absorbs the violet in oven very dilute 
solutions, and prussinn blue in oxatio acid the red. Most substances Limits of 
have a limit of dilution, which, when iranagreesed, produces a complete diluiioo. 
disappearauca of all absorplious. This limit can only be ascertained if 
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Blrength of solutiou and thicknese of layer interposed are cnrefi41y 
Some bodies bear fiwin five to ton-fold the dilution of others before 
absorptions disappear. This relative power of absorption, aa governed 
by quantity, temperatnre, solvent, should always be borne in mind in any 
development which it may be intended to give to the spectral metbod. 
In the following description reference is mostly to solutions of medium 
concentration, which allow the absorption bands, or other principal 
phenomena, lo appeal" beat. 

Aniline Dyes. — The concentrated solution of roaeine allows red from 
A to C to pas!4, and absorbs the rest of the spectrum. A solution ct 
1 in 10,000 shows au absorption reaching from D to half-way betweea.> 
F and G. On progressive dilution the band becomes narrower, until: 
in a solution of 1 in 100,000 it assumes its narrowest limits ; these it 
retains until it iliaappem^ at a dilution of 1 in 600,000. 

Diagram of Spectrum of Aniline Ponceau {preen) in alcohol. 




Aniline Blue. — The concentrated solution allows red to pses; 
5,000 shows n broad band between C and E, which on dilution becoran 
narrower, and remains with the D line for its middle. At I in 8,000 it 
reaches its narrowest limits, and on progressive dilation it becomes 
gradually feebler and disappears at 1 in 20,000. 

Nicholson blue has the same spectra as magenta, to bo described 
immediately. 

Aniline Violet is very similar to the foregoing spectra, but its absolu- 
tion band is situated intermediately between those of the other two. U 
disappears on dilution to 1 in 60,000. A mixture of roeeine and anilion 
blue shows a similar bearing. 



Diagram of Spectrum of Aniline Violet, or '^Magenta" 
A a B C D E b F G IIH' 




< 



Diiigram of Speetrum of Concentrated Solution of HiimholtCs Vtoltl 

in IValrr, 
A a B C ]) Kb KG HJ 




Diagram of Spectrum of more diluted Solution af n 





Logieood. — A dccoclion of logwood, wln?n Buflicieiitly coneentralcd, LoKwood, 
allows red light only lo pasB. Diluted witli from 7 lo S parts of nater 
blue from F to G appeara. Diluted with from 18 to 20 porta of water, 
the absorption band is at its minimum width ; it diaappears whou the 
original decoction is dilnl«d with 24 parts of water. 

Brazil-wood, — A decoction of this wood allows red and orange lo Bnwll-wood 
paaH; 16 timeH diluted blue and violet appear ; a band remains between 
D and E, and disappears on dilution of the original solution with 45 
times its bulk of v 

of Brazil Wood. 




.%tn(ni-UTOorf.— The alcoholic exlract of this wwhI passts ftr^t red, »"'"'-'«i 
then orange rays; diluted 3^ timet) yellow ami green to K njipi-arH ; blue 
\6 seen when the dilation is 55, anil a band appears from E to beyond F. 
At 60 dilution this band separates into two narrow ones, of whii^li one 
situated between £ and C dis^pcnrs only at a dilution of 200, wliila 
the other, situated near F on ihe side towards G, bccomm invisible 
somewhat earlier. 

Cudbear shows red and yellow, and then rolains two absorption bands *-'^'**'- 
on the violet aide of D, which remniii (o the 23id dilution. 






I of Sfifvtrum of Wiitery Dc> 
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Murcxide, produced from uric acid by nitric acid and ammonia, ia „ 
similar lo some violet aniline dyes, but is distinguished liy its spectrum, ""*' '"' 
which is as follows : 

Diagrnm of Spectrum of Murcxidr. 





The blue tincture of Lilmus, obtained hy digesting the little inagiiesil« 
cakes, exhibits a band in yellow 142'' 12' — 141" Sff "" '"' " 
trum cut off at 



As BC n 

m 



; red filightly shortened. 
Intensity Diagram of Litmus 




Reddened by Lydi-ochloric acid the tinctura shows no band ; the blue 
becomcH I'eeble ; all is turbid ; again made blue by caustic potash the 
former band reappears, and the rest of the spectrum becomes a 
very bright. 

The similar spectrum of indigo and its sulpho'Componnds 1 have 
described in the cholera report. 

Cochineal, the crimson matter from the cochineal insect, and alizorioci 
a colouring matter extracted from madder, arc similar to santal-wood in 
this that tltey show two bands each. The powdered cochineal boiled in 
water on appropriate dilution shows two blinds, 

Meosureaieitl. Width. 

1 in green = 141° 12' - 140" 48' = 0° 24' 

2 in green to Uua = 140° 42' — 140° 12' = 0° aff. 

Bliu contlnuod to the end. Intaasity of both bands when first seen 
separate =^ 1. 

Diagram of Carminic Acid Spectrum. 



A«BCD EbF G HH- 

Til I 1 



8ome kinds of cochineal yield so-called neutral solutions, the spectrum 
of wliich shows only one band at any degree of dilution lo disappearance. 
By alk&li the i^Morptive power of carminic acid ia much increased, and 
the two bandi appear, even in dilutions containing much less of ttui 
acid. AmaonUoal solutions are quickly oxydised and lose their 
nbsorptioa bftods. Tlio bands of alizarine are situated more towards tbo 
blue than those of carmiuJc acid. 



Diagraia of Spectrum ofAlizi 




On comparing the red-coloring matter of some other lower untraa^ I 
found that the red fluid (blood) of the common earthworm coBtVJW' 



hemftto<T}'3lalline, the same as is contaioed in the blood corpuacles of the 
rertebrats. It is, however, not attached to corpuecles io the eftrthwonn, 
but dissolved. 

Diagram of Speelrum of Extrnct of C/irot»atophores of Lobsler. 
AftBC D 
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The chroinatophores of the lohster coutaJn a red matter of the colour 
of blood. On microscopic ex ami nation this is seen to he contained in 
Bpiderlikc cells. It is inaoluble in water, a little soluble in alcohol, more 
soluble in acetic acid and alcohol The solution is yellowish red. 
Spectmm; red and yellow, complete ; in green at Hl°a ehadiog begins, 
which pawes into k kind of riolet (not black), and ends with the begin- 
ning of blue at 139° 30* width of hand = l^SO'. The end of the violet 
is at IST^aS'. A. layer of fluid of double the thickueaa cut off the 
apectnim at 141" 18'. (See Plate HI. fig. 6.) 

Diagram of Spectrum of lied Currant Jiiirr. 
AaBCn Eb F C, im' 



Chromato- 
phoren of 




Red currant juice mixed with three times its bulk of water gave a 
red fluid, the epectrum of which showed apparent Bimilarity to that of 
the lobster chroma(^>pliorcs. E«d, yellow, then dark at 141" 24' to 
140» 12' = r 12: Blue to the end. (See Plate HI. fig. 7.) R 

Aptrt fWini the chemical differences of theeo solutions, the spectral j> 
ones are eminently disgoostic Passing over the width of the bands we 
perceive in the nature of the obscuration a difference, the band in the 
currant juice ia simply dark, Uiat in the chromatophorcs solution has a 
fluoreMfint tinge. 

or yellow dyea picric acid ia a good type. The saturated alcoholic 
BOlnlion in a layer of one centimetre in thickness allows red, yellow, and 
green to near F to pass ; diluted with two alcohol it extends to F ; on 
gradual dilution the npectrum extend slowly nntil at dilution 150 blue y 
to G appears, at dilution 400 G ie cleared, and at 700 the colour extends P 
to new H, The entire spectrum ia only lighted up at dilution 2,500. 

The tincture of turmeric, when satm'ated, luis a reddish yellow colour. 
In layers of one centimetre thick it allows colours from red to half green 
140* 48' to pass. It shows a beautiful green fluorescence in the cone of 
snnligbt condensed by a system of quartz lenses. T 

Many yellow dyes show similar phenomena, amongst them camboge, 
jrellow wood, French berries, purree, annotto, snmach, and bark or 
tjnerdlron. 

The knowledge concerning these bodies can only attain its full V 
development by studies upon pure immediate chemical principles, insti- d; 
toted with the most expansive spectrometric methods, and absolute 
regard (o the phenomena of fluorescence. 

In these respects the vegetable world seems to offer an almost endless 
field of study. Its phenomena here and there obtruded themaelves upon 
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lay aUeatlon without ray seeking. Tims a huraiui tliigli bone which n 
macerating in the conservators apartment ol' Si. Thnnins's Hospital « 
brought to me for examin&ticu. It was covered with u I'cd gelaUnoi 
mass. The glass reasol in which it was steeped in waler was sin " 
covered. The microscope showed the red maleriiU lo eonsist of i 
cells in a gclntinouE mass, with which green larger cella were intcirspei 
The water filtered from them contained n numher of these i 
bodies in suspension ; it was rod, and gave the following spectrum ^.— fl 
Bund, MeasuTemeiits. Widths. Inteiuitj. Bmk. 

1. 142° 0' - 141° 3(i' = 0°24' 7 a 

2. HI" 12' — 140° 46' = 0°26' 2 ^ 

3. 140° 39' — 170° ff = 0''39' 1 y 
Spectrum cut off at 139° 54'. 

Diagram of Spectrum of Hcrl A!f/i 




This spectrum presents a matter in its natural stiite. The followi 
ppecti-um will exhibit the difference which wna cficcled iu its uaiiire 
alcohol and boiling. The mass appcni-cd fluid while boiling, but on ; 
filter it completely gelatinised, and the fluid, censed lo percolate. T 
filtrate, whidi was green, remained Ituid. (See also Plate UI. fig. 6. 

1 in red 142° 37' - 142° 2.5' = 0" 12' 5 t 

2 in or to green 142" 12' — 141" 36' = 0° 36' 1 f 

3 in green, shaded at 141° 18' limits uncertain 1 ^ 

Diagram of Oreen Alcohol Extract of Red Alffre. 



I 




Green Matter from Cellular Alga in tltc I'vud of St, TKo 
HoxpUal Gardens. — These matters are of some interest, oa their 
(summer 1866) was by uninformed peraons ascribed to the proxi 
and operotions of the Pathological Lalwratoiy, wliich is situated u 
bank of the pond. The nlgoc ivere minute single cells with g 
contents, many of the corpuscles being green. Filtered from the « 
and dried, n light green mass appeared, fii-mly adhering to the I 
This adhesion was owing to the gelatinous colourless material in yi 
the cells were imbedded. The paper yielded nearly all its green ctdoi 
ing matter up to alcohol. The solution was green, fluoresced rod 
sunlight, and gave a blood-red cone with a lens. It had, therefore, |l 
essential properties of chlorophyll ; of its spectrum the redwao ft" ' 

1 in red 142° 48' — 142° 30' = 0° 18' 10 

2 red to yellow 142° 18' — 142° = 0° 18' 5 

3 or to green 141° 54' - 141° 36' = 0° 18' 2 
Green ebading quickly at 141° 12', cut off at 141°. (Sec Plate'l 

fig. 9.) 



DiaffTfim of Specfrum of Green CeUulur Atgif, 
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The rest of the spectrum though colourless sIiowb & curious feeble 
ilium ioatiou, Ifaviog dispoaoii of liiis objection to the Pathological 
Laboratory, I compared the i^blorophyll from grass. This was all tlie 
more iuterestiug as Berzeltus bad mentioned bis belief that chlorophyll Chlorophyll I 
and the green colouring matter of bile, biliverdine, were identical, frof gi««- 
Gfrss was extracted with cauetic potash, and the solution precipitated 
by hydrochloric acid. The green precipitate waa extracted by alcohol. 
It had stood more than a yeni' wbeo Bpectroacopically examined. 

Measuremenw. Widtli. laleiuiity. Kank. 

142° 4S' — H2° 18' = (f 30' 10 a 

142° 12' — HI" 54' = O"* 18' 2 6 

141=42' — 141° 24' = 0" 18' 1 . 

141° 12' — HO" 54' = 0° 18' 8 ^ 

rgreen to blue 140° 42' — 140" 18' = 24' 5 y 

ut term difficult to read. Blue cut off ; feebU illumination of 
colourless end. The solution flooreeees red in solarlighr pencil. (See 
Plate m. fig. 10.) 




Dinpram of Spec/mm of C/ihrophi/ll f, 




This aubatimee is therefore quite different from the one extracted 
from the algie, and corresponds to the description first given of the 
green colouring matter of plants by SirD. Brewster. SoTeral chemists 
deny that this spectrum belongs to n simple body, and the comparison of 
the spectrum of the green olgao seems to confirm that opinion. For Its 
three bonds are eo similar to the flrst three bands of the extract from 
grass, that they may well be considered to be identical. One of the bands 
certainly exists in the gi-eeu leaves of some plants, but the presence of 
all has not yet been proved. Sunlight or electric or E>rummond's light 
must be employed for their investigation. The five-band spectrum is 
interesting on acx:ount of a certain similarity to the spectrum of some 
forms of cruentine, of which more below. Some colouring matters 
derived from bile, to be described below, yield spectra, which have bands 
not dissimilar to the tlu'ee-baud chlorophyll from algte. But true 
biliverdine in alcohol shows no bands ; one half of its spectrum is of a 
brilliant red, without any yellow, the other half is of a splendid green, 
bi annlight it shows no fiuorescence, 

30571, P 
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2. — Spectral Phenomena of the Blood, its Phytiological, and 
logical Changes, particularly/ lltoie effected by poi 
and Fluid* I its Change» by chemical Agent*. 

The Bpectral phenomena of the blood are ft combination of opt« 
eftl-cta produced partly by chemical, partly by mec'hnnical agenciea.' 
The inechanieal ingredlonta act rather aa impedimonts to clear percep- 
tion or uomplete perception of all appearanoes, and have therefore to be 
eliminated. Bat even after that the chemical ingredients remain in w 
complex a mLvture as to be hablo to change, and to exhibit imperfect 
spectra. Perfect spectra can only be obtained upon chemically pure 
matters, and when these are once established as etandards, the more 
ubflcurc and imperfect spectra can bo referred to, compared, or identi- 
fied with them. I shall show further on that acid hematine, when pre- 
pui'ed pure, shows four or five absorption bands, while only three are 
seen upon less pure solutions, and only one when these less pure solutions 
are not viewed in sunlight or oxy-hydrogen light, but in the ordinarj 
gas-light or lamp-light of laboratories. For these and other reasooiXi 
crepared a number of specimens ol' hematociyBtalliue and hematine, 
theu' derivatea, in various ways, and subjected the proilucts to spec 
popy. 

Mode of' teparating Slood-corpugcles from Fibrine aiui Serum. 
the coipuscles become eutangletl in the coogulatuig fibrine, the blood has 
to be beaten or atirred with a broom of decorticated birch or whale' 
bouu. The mixture of serum with red and white blood-corpuscli 
in the present state of science, not be separated into its constituents 
aa to leave the corpuscles pure auil unchanged. Chemical mesns ' 
therefore to be employed, by which this scpai-ation may be effected 
a minimum of change. 

There are solutions of salts of a certain degree of concentratioa 
Sulphates, carbonates, and chlorides of sodium or potassium have been 
employed. The concentration of these solutions should not be greater 
than is required to effect the object. Of chloride of sodium the snudlesl 
quantity seems aecessary, of carbonnte of potassium the largest. 

One volume of saturated chloride of sodium solution may be mixed 
with from d to 19 volumes of distilled wal^i-. To such a solution one 
volume of blood, beaten and filtered through calico or linen, is added, 
and stirred. Tlie mixture is allowed to stood at a very low tempentunv 
in ice and wntei', to prevent decomposition. When the corpuscles are 
deposited the supernatant liquid is decanted, and the sediment la a^aio 
stirred with the some quantity of the cliloride of sodium solution u 
before. This is repeated a third and fourth time. 

The decanted liquid is by no means clear, but contaiua mauy blooit 
corpuscles in suspension. It is very difficult to filtei- it, but 1 have Ui 
some extent succeeded iu filtering it through calico extended almotf 
horisontaliy over a frame. It is necessary to filter in warmer weather 
because the mixture cannot be lel^ at rest for longer than three day^ 
even in cold weather, and during that time only few descriptioua of blow 
deposit the greater part of theii* corpuscles. Every three daya the wll 
water has therefore to be renewed, and the completion of thia washizij 
process therefore takes from nine to twelve days. 

Tiie blood corpuscles obtainable from the slaughter-house, from oxsn, 
sheep, and hogs, ai-o very imperfeotly deposited, and with .them tvuhiiu 
can hardly be effected more than three times. The blood corpuscle* « 
men, dogs, cats, guinea-pigs, and rats are deposited much »oon«. 
Those from birds and amphibia settle the quickest 
The blood corpuscles of the hoi-ee show o, pocuUarlty iu this, that th^ 
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■ink quickly in ilieii- owu serum, tuid cou tberafoi-e be Beparated iVom It 
A firdt time witbout addition of aalt wat^r. But they deposit very alowly 
in (lalt water, and therefore offei- no adrantage over oxen anJ sheep's 

Mode of extracting Ilematocryilallitte. — When the blood coqiusclee 
thus fretd fi-om aemm are ehakon with ether and water, the red- 
coloured ingredient dlsBotvea in the wHt«r ; and if this eolution, nfti-r 
rapid tiUration, be expoaed to a low temperature, cryxtalliees at once, 
it' it came from dogs, rats, guinea-pigs, or squirrels ; but if it came 
from hirds cryatalliaeB only after addition of one qoarter of its volume 
of idcohol of 80 "1^ and exposure to a cold of from — 5" to 10° C. The 
LTyslale obtained are scpaiiited by filtratiouj washed with dilute alcohol 
[I part of 80 " j^ in 4 water), pressed between blotting paper, redisaolced 
in a minimum of water, filtered again, mixed with \ volume of alcohol, 
and exposed to the low temperature. By this proceeding not crystals but 
an amorphous deposit of hematocrystalhne is obtained from human blood 
and the blood of cattle collected ui slaughter -housei*. To such blood a 
modified process is best applied as follows: — The corpuscles are isoluted 
by means of soda-sulphate or common salt, and thou shaken with water 
and ether. Afiter separation of the ether the red water-soludou is 
treated with a solution of basic lead acetate as long as a precipitate 
ensues. This is removed by filtration ; the excesa of lead by a little 
potaeaium carbonate. To tbe filtrate powdexed potaa^iium carbonate is 
given until the hem atocry stall ine separates in grumous flakes. These 
are separated by filtration and strongly pi-esscd. The cake is again 
broken and mixed witb a little watery alcohol, which causes the eepor^ 
tion of potassium carbonate in solution. Again strained and pressed 
the cake may bo dissolved in water, and precipitated by alcohol, or by 
alcohol and cold. 

Cfiemieal Compontion. — Accordtag to the analyses of C, Schmidt aud 
H. Seylcr, the crysLalH f\'om dogs, guinea-pigs, and geeae have the 
following composition : — 
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From these daU the formula G^ H^ N.h ^ ^» ^m l*", ^"^ FoimnU an 
caJcuIated, leading to an atomic weight of 13280, far Burpaaslng in mulecnlar 
magnitude that of any other molecule hitherto dreamed of in organic weighi- 
chemiatry. While wo may be quite certain that the atomic weight is 
very near that figure, we cannot determine it absolutely as yet for tlie 
—ibliowing reason ; tlio blood crystals retain more or leas oxygen in 
'fwse combination like the blood itself, and yield it up in the vacuum, 
u-Qvided tliey are moist, but retain it tlio more tenaceoualy the dryer 
bieyaro. We can determine the oxygen given ofi but wo cannot as 
wet say whether any and how much oxygen is yot contained in the 
"Bystala in this particulai' form. Calculating from the quantity of iron 
wntained in tbem as unit, wo arrive at 13023 as the molecular weight. 



Aptkndu. 

NaT. 
On Chemicai 
Idaitificatum 
Ijf Diatattt, 

TkvdicktiM. 



HemBtocryital- 
line does not 
cnilj' pntrefy. 



220 

HematocryBtallinc combines readily and more pertiDaciouBly 1 

with oxygeu with a number of other gascB, soch as carbonic ox, 

nitric oxyde, and hydrocyanic acid. It is peculiarly decomposed by 
sulphuretted and phosphuretted hydrogen, the latter agent prodacing a 
complete disappearance of all particular apectriU phenomena. The 
sludy of its changea,*which with so high an atomic weight, are probably 
extremely nnmerous, is therefore of paramount importance in % 
logical chemistry, and that the more so, a& the muscles art 
pervaded by heraatocryBtalline, and any change touching it i 
blood may influence equally the whole or any part nf the muscul 
eyatem. 

Spectral Pheitomtna of HeiantoerygtalUnc. — When 
trated solution of hematocrystalliue is placed before the slit 
the spectroscope, and snu-light or liine-light employed for illi 
nation, only some of the extremest red light is perceived 
spectrum. On continued dilution with water the illumination exi 
towards the D line, but before the region of this line haa api 
clear, light is perceived in tlie green between the lines C and F. 
continued dilution the extension of the light proceeds more toi 
P, and the dark region in the middle of the apectrum, which may 
be called a band, contracts but slowly. But it ultimately allows light 
to paas over its middle, and is soon seen to consist of two bands. Of 
these the narrower, darker, and stronger defined one is situated 
towards the red close upon the U line, while the second wider, bat 
paler one, is by the side of E. From this point the solution maj 
greatly diluted with the eflect only of produciog some shrinking in 
width of the bands. But ultimately Ihey become very pale, and wl 
the solution has ceased to show any colour to the naked eye the ban(U1 
also have completely disappeared. That these absorptions are properties 
of the blood circulating in the living body can be shown by experiment. 
Place the ear of a man or of a rabbit, or the closed commissure of the 
fingers, before the somewhat widely apened slit of the spectroscope iu 
strong sun-light, and the bands will immediately appear. All r«d- 
coloured blood, in which the colour attaches to corpuscles as in vert©- 
brata, or to the fluid as in the common earth-worm or the faonse-fly, 
yields these bauds, and they are evidence that the matter impartiug 
this red colour ia identical in all, and is hematocrystalline. The 
spectrum can be seen upon thin sections of hlood-clot, of muscle, 
or the thinnest layer of blood fixed upon glass in the manner in whicb 
microscopists are wont to preserve blood corpuscles. It can be seeo 
upon the light reflected from a surface of blood, or upon single hlwul 
crystals, or by means of a spectroscope fixed to the eyepiece of m 
ordinary microscope, upon a single blood corpuscle. 

The hematocrystalline is the last ingredient of blood which wider- 
goes putrefaction ; it preserves its colour and apeclrum for years iai 
horribly offensive mixture, to which air has only moderate accees. The 
putre^ng blood evolves nitrogen and carbonic acid, and that wilhBQcli 
tension that in one of my experiments it burst a bottle with exploein 
violence, by a collected pressure which could not have been less lino 
15 atmospheres. This kind of decomposition reminds of that which 1 
found in cholera-stools, and described in the last report of the MedicW 
Officer. The stability of hematocrystalline is the main factor in th* 
stability of life. This quality is perhaps mainly the result of the powti 
which it possesses of taking up oxygen from the air and yieldinff "t 
again to other matter in contact. 
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The BpecCrum of blood, or henialocryalalliae, is lepresont^d in iig. 
f of plate L Mewured repeatedly on my first spectrometer it ahows :— 



MeBsnremeDts. Widtb. Intcnsit;, Rank. 

1. Tellow to green - 141" 54' — 141° 30' = 0° 24' 10 a 

2. In gi-een ■ 141" 24' — 140° 54' = 0= 30' H p 
There is green, feeble blue, cut off nt 138° 54'. 

IrUemity Diagram of Blood S/i 




A. Bolution of hemntocrystiklliiie containing *2 per cent., exiimiiied iii 
a layer of one centimetre in thickness, allows only the red part of the 
Bpectruiu to penetrate. A solution of ^ per cent permits some green 
light to pass, diluted to ^ per cent, it admits of the distinction of the 
two bands. A solution of I in l,0008howsboth bands already narrower ; 
they become still narrower on dilution, and disappear at n dilution sur- 
passing 1 hematocrystalline in 10,000 water. From this it is evident 
that the delicacy of the spectroscopic (est for blood is very great, and it 
has indeed been estimated, that if 5 cubic centimetres of water contain 
O'OOOO^ grammes of hematocrystalline, and are so arranged in a thin 
tube before the spectroscope that the light has to penetrate a thickness 
of the solution ef^ual to 10 centimetres, they will yet yield the spectrum 
and give eviikncc of the presence of blood. This quantity is fqaal to 
■ 00773 gruns, or suy nearly yoW "'" " grain of hematocrystalline. 




* With the ipectrraii of the blood may be compared that of tlie blood-red fetthers 
of lbs wingt of the Cape Lory ^Ttiracus albocrynlatua), nad (if that df tbe alkaline 



FealAer of Cape Lvii/ 




■olotion of Ibeir pigmeat, of wbLch tbe general simUarit)' to the npectnini of oxj- 
hematocrjitalUne a. atill greater (see Plate IV. Ggs. n and 10). This epectruiu vas 
diBOorered bjr FroC Chortb, who found the pigment to coataao copper. 
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AmKinx. Rtducrd or Deoxtfdited Htmatocri/HalliM. — ^The body 

JJ~~r in the foregoing paragrapti U the oxyiiised bematocryetaltina, 

On Otmieal arterial blooU-eolouriog matter. B; eubatancea which attract oxygea' 
JMmifrtMtiM this is easily chauged, as was firel shown by Stuke^ into reduc«d'| 

"""■ honmtocrjstalllue. Such reducing substanues are Bertun, or serttni' 

diluted with water ; hydrogeu, and arseniuretled hydrogen ; it 
Noluliou of iron suboxyde sulpliutc Id ommoDiacal tarlrate. Whea 
through a solution of blood in wiiter which titiows both bandti well 
hydrogen with nrseniuretted hydrogen la puaeil, uul the fluid is 
allowed tii be at rest a little while, und Is thereupon placed before the 
spcctTosoope without being Agitalcd or poured into BUOlhtt vessel, on^,. 
one brttad band is aeon in place of the foimer two. It nieasur 
14r48' — HOMB' = 1° tf, Bpeclrum cut off nt 139° 28' !■ therefore 
the game width ae, or peihaps 0° 6' wider Ihun that of the two oxydised 
blood banda, including the green space between them, but ia moved n 
little more towards tbe violet end of tlio spectrum. Its intensity in 
only 8, and deci-eases more on the violet than the red eid^. When 
ihe solution is shaken up with air the one band disappear^ tind the two 
oxydised bematocrystalliue banda reappear. The solution of ii-ou Ruh- 
oxyde in animoniacal tartrate is also very ccrttun and handy, but it 
always yields a turbid spectrum, not to be compared in delinition with 
the one obtained by the foregoing prooena. Aftt^r oxydation by air th» 
solution treated with iron haa to be filtered to show the two blood bant 
again. It becomes quite black and impenetralile to light under corl 
oircumstancec. The spectrum of reduced hcmatocrystitllinfl or 
blood is repreaonted in plutc I. fig. 2. Its intenai^ dilgram 
subjoined. 
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>/' reduotd Ifematortyttallint 




OombinUion ComAinatiOH of JlcmafoeryUo/ti/ic with Carbonic Ojnfdr. — It hi 

»f hemato- long been known thnt carbonio oxyde luodncfs « pKrtlcalur change ' 
''^h'^'h* " the eolonr of blood, which is not destroyed liy mixture with oxy( 
«i rar onio jj ^^ shown that this wm due lo a eombinfilion of carlwnic oxyd< 
' lipmatocryataliine, which ia always found wlien tbeae l>odleA 

coutaet. The carbonic oxyde displaces oxygen, luid remains ntl 
to the hematocrystalliue even in its crystals. Tlie compound lias i 
the same spectrum ae oxydised bematocry stall ine, but the baads are 
siluated a little more towards the violet end of the Kpeelrum. By none 
of the means which reduce oxydised hematooi-yatalliue can tlio buidkof 
the carbonio oxyde hematocryptalline spectrum be ofannged or reduce' 
Upon the fixity of this combination, therefore, dependa the fatal effvcti 
carbonic oxyde when inhaled for any length of time, Ftinhcr by tl 
fixity of its spectrum can the compound be recognixed, nnd con8ei|ueotlf ' 
poisoning or aulfocatiou by carbonic oxydo or charcoal vapour be 
diftgnoned. The carbonic oxyde blood has a more bluish linge than the 
venous or arterial, 

teaaloerTiua- Comhinntion of JTematocrj/ttalline icith iVtfric Oxyde. — Nitric oxyd*, 
tins and Ditric when passed into a solutioa of blood previously treated with hydroges 
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or uDmoniB, expels oxygen as well u carbonic osytle from their oo 
binatioa with IiemUocryetalUne knd oombines with it. The itbsorpti 
bauiln remain in the aame places, although they are a little paler. The 
blood loses i(a power of being affected by redi 

HolutioKs fti-e made light red again by the uilric oxyde^. The cotniiound 
of liematocryatalline and nitric oxj-do wyBtailiseB in the mm» forma as 
those with oxygen and carbonic oxyde. 

Combination of HematocrtfitalUnr with Hydrocyanic Acid. — Thia 

cumbination is obtaioed crysidlliBed by addition of hydrocyanic acid to Hemaiocryital- 
hemalocrystalline Bohitiona under the circums lances nlwve related It pyBnicacid" 
loses acid by recryBtaltiaation, The compound in leaa stable than the 
two oompouods just tnenlioned. By addition of deoxyditing ngunls to 
ttie holution the spectrum of reduced blood i^ obtained. Tlie sprclrum 
of the combination shows no dlfiereiicea from the ordinary blood spec- 
tniin. It is of course natural to fleek the iKjisoning action of hydro- 
cyanic Mid in lu affinity for hematoci7s'alline, Kxperioicnts show, 
however, ihat thii inucl lit- oihenvise. For ihe blood corpuscles in cases 
of poisooing hy this agent do nul retain any of the acid, as [hey do 
when it is broiighl in contact with them directly. It must be abstracted 
from ihein again somewhere in the body. Hydrocyanic acid is the only 
acid which does not decompose hematoerystalline. All other acids im- 
mediately efficl a cleavage into albuminous matter and hemntine. 

Influenee of Sulphnrrlted Hydrofii-n or Hydrothion upon Hemato- Influence of 
cryitatHne. — Little hydrothion has no visible influence upon the spec- ''''''™i^'^ 
trum. It passes through the circuhition when injected into the rectum, ^^^ ° 
and is exhaled unchanged by the lungs. But a concentrated solution or 
long-continued action changes the hcmatocrystAlline completely. The 
Wood bands disappear and three new bands appear instead, which have 
tJie following po^'itione, intensities, and ranks ;— 

Buiil. Mesaarement. ^Vid(h. Iiitennitj. Ranli. 

1. 142' 12' — 141° 5.5' = 0° 19' 3 y 

2. 141° 42'— 141° 18' = 0° 24' 8 fi 

3. 141''12' — 140''54' = 0' IS' 10 a 

The interral between 1 and 2 is remarkably yellow, even in a turbid 

solution which has stood for 24 hours. There is as yet no treatment 

known by which this substance can be again transformed into oxydised 

.tocrystAUine. 

ffiaffram nfHlood fnafrd with ITt/drothion. 
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Some similarity to acid hematinc di:'nppearB on comparison 



of the 



measurementa. The peculiarity of the spectrum 
from its repreKDtatlon in fig. 7 of plate 1. But it n'ik« foi 
that by reducing agents this body yielded the spectrui 
hematJae. It mar therefore be a solution of hematine 
acid, the natare of which rem&iiu to be investigated. 

Blood treated icitk Alrohol and Ammonia. — Blood wai 
twice its Tolome of alcohol, ami the coagulum filtered from the liquid, vith alcohol 
The Utter showed no cpectrusi-bandi. Tbe coagulum disiolred in '■^^ 



7ev idcnt 
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in n peculiar 
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showed ft spectrum with three bands, which had » general 

' — ~ resemblance to the sulphuretted hydrogen blood •spectrum, but showed 

OiiCAtmietd ^^^ different meafluremenlii. 

/daitifioatiM Band. Measurement. Width. Inteusit}'. B<nlt. 

ofniteaa, |, 142° 18' — 141° 54' = 0° 24' 3 y 

hyDr. 2. 141" 42'— 141° 24' = 0° 18' 7 & 
ThuJiehuiit. 







When this aoluiiou wus mixed with nlknLue iron protoxide sulpl 
a Bpectrum of two bands appeared, which measured — 

1. 141° 30' - 141" 12' = 0° 18' int. 10. 

2. 141° - H0° 42' = 0' 18' „ 3. 
Bluo eud cut off at 140°. 
This was thcrcfoi-e tlie reduced hematine epeccrum, of which wo 

find the detnils lower down. 

Spectral Phenomena of Hcmatitie. — When hemBtocrystaJline is ti 
with ncida or alkalies and alcohol, it is split up into olbuminoDS 
atances and a coloured matter, which retains all the iron, but none of' 
Gulphur of the original compound. This is hematine. It appears fi 
TRj researches that thero ore at least three different kinds of hemat 
recognizable by the spectroscope, besides n number of combinatit 
which maj be formed by one or perhaps all of them. 

Five-banded Hematine. — Blood corpuscles isolated from sertmi by 
eulphatc of soda in the manner above duscribed are treated nt the 
ordinary temperature wiUt alcohol, to which a little sulphuric acid 
has been added. This solution was found by me to possess five 
absorption bands, three of them being those of acid hematine, firfll 
described by Stokes, two others lieing situated in red and orange, 
narrow, one very fine, like a narrow bundle of eun line?. 



1. 



Width, 
10 



Inteasity. 



Rank. 



64 to 70 
79 to 96 
98 to 117 



Diagram of^ve-banded Hematine Speelrum. 
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The bands 2 and 3 ore best seen in the non-magnifying bh 
troscope with n sulphide of carbon prism, and b good gaslight. T 
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magnifying epeciroscope witli fliut-gloiiii prisms showfi liiem lesi 
disttnctlj. 

Four-banded HemtUine by a modijitd Proceu. — When the cor 
puaelcs are boiled in water after treatment wiih sodium Bolphate, ^,' 
so that all enlphate is removed, and are then treated with acidilied 1/ rfi'imiKi^ 
alcohol, a eolation is obuwned which gives n spectrum similar to the ' "- 
former by its three lines, 1, 4, and 5, or a, 0, and 7, but instead oft and 
{ there ia onlv one line midway between the places occupied by the 
two. This ia identical with the spectrum of bcmatine first described 
by Stoker, Itwus uIeo obtained by diBsolriiig pure crystallised bematinc 
ID alcohol Btid little sulphuric add by the aid of a gentle beat. 

iiii. InKtuit}-. lUak. 
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End of blue at 157. Tlie iuteival between the band 3 and 4 ia vtry 
obscure. Band 2 tu Drummoad's light becamo in thick solution rather 
Birouger, raeaanring 63 to 72=9. 

Oiagrnm of four-baiuted Hematinf Spectrum. 
AaBCD KbF G HH' 




Blood treated with Acid, — The simple addition of acid to blood ^"^ 
changes its spectrum. When an organic acid, such as acetic or '" " 
lartAiic, ia token, one bond in red appears, and great obscuration of the 
rest of the spectrum ensues. The one bitnd in red belongs to acid 
bematine, &nd the darkness in green is due to two other bauds. These, 
first correctly described by Stokes, it is not easy to define without the aid 
ofaunlightorDrummond's light. They have therefore not been noticed 
by later authors. Upon the purest specimens of acid bematine they can. 
however, be observed and measured with tolerable Hccuraey. The acid 
eolutiousof hemattne weiv hilhert-o believed to contain a particular body, 
which was termed hemine. It ia, however, quite easy to show that it 
is bematine, for its spectnim can by alterDaI<> acidification and olkali- 
fication be made to yield the bauds either of acid or alkaline bematine. 
The following measurements were observed upon lartrnto of bematine : — 
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142^ SCy - 142 = 0= 30' 8 




141° S(y - U(f 58'= O' 32' 3 


do. to blue 


140=54' - 14(f 6'= 0=48' 



Buk. 



idy the phenomena of Al''»l'°e 
tra! state. A large '"='^"'^- 



AlkaHne /fematine. — In order to fully 
hematine I produced a qnanlily of it in 

quantity of amorpliouB hematocrystalline was made from 10 galli 
blood and a hundredweight of potassium carbonate. The isolated 
material was dried at 40° C, and extracted with cold absolute alcohol. 
The splendid ruby red solution was treated with a polntion of tartaric 
acid in absolute aJcohol as long at) a precipitate fell down. The filtered 
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Bolution WAS then slowly evaporated at 40° O., until it deposited i 
colouring matter as a fine powder of block, eomentiat violet, coloa 
This was flltprcd off, the powder washed with alcohol, 1b«(.I^ witii 
water. It wan then rediBfutlvod in absolute tUcoliol and potaseinm 
cnrbouato. Tarttiric acid wns again Added, and crj^ toll ligation completed 
as before. Ultinint«ly a block violet powder remained, Gontbting under 
high powerei of thc< mici'Oficope of little rhomliir Hcaleii, mostly crossed 
and imitating wpU the shape of the hemine crystula. I believe this ti 
be pure cryBtalJised hematine. It certainly eontmned no li^'ocliloritt 
' acid, and negatived the assumption hitherU) made hj some oniiaii^ 
cfaemiBtji, that all crystallieed hematine was identiool with hemine, and 
like hemine was a hrdi'ochloi'ale of hematine. 1 reserve commimicaliM 
of the chemical aaaLjrseg of this substance for future opportuuitiet, and 
conline myself to the spectral phenomena offered by this matt«r. For £ 
have ebown above that what different authors term hematine are di6 
ferent subetancet". It is thereby explaiued why each new inquirex 
should have found results diffoi-ing from those of his predecessors^ 
Thus (he iron in hematine was ascertftinpd to be, by 

Mulder ■ - - 6-7 per cent. 

LeCanu - - - 7- 

Rollet - - - 7-2 ., 

F. Simon - ■ - 8-2 „ 

Hoppe Seyler - - - 8-9 „ 

The iatt«r author, who had declared crystnllised hemine to be > liydi4> 
chlorate, has just retracted his statementa regarding hematine. 

The neutral hematine is insoluble in water, alcohol, ami ether, but 
dissolvce in caustic alkaline waicr nud in alkaline or acid alcoboL The 
spectrum of the aeid eolutiou Ls that just described. The alkaline 
alcoholic solution described iu my cholei-a report had the following 
spectrum : — 'Red very vivid, band from orange to near green 142° 24' 
— 141°36' = 0''48', the terminal towards green being with difficult 
determined on account of the green being very much shaded, 
spectrum cut off entirely at Cj when diluted it measured 142 "Iff 
42' = 0''36' or 142° 18'— HIMS' = 0*30'. but the pure hemathie 
alkaline alooholie solution now pi^uced shows a somewhat dir 
epectrum. Band 142° 0'— 141° 16' = 0°44'. Intensity fi = a 

Diagram o/ jmrv alkaline Ifemaline Spcclrum. 




lifBoul^ 
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differanfl 
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The bond is thcrefoi-e broader and iu a diflcrent piisiiiuii fi-om ilu 

formerly described. The causes of this difference remain to h 

gated. Treated wilh u little sulphuric acid the spectrum immediala(fl 

becomes that of acid hematine. ff very indistinct but dark, y with l^ 

decided red tinge. The margin on the blue eido most difficult to readtfl 

but there is a decided blue interval between it and the flnol dwklLeeB. 

Rand. llessnremeols. Width. Honk. 

1. 142M8' - 141°54' = 0=24' « 

a. 14J" 12' - 140° 48' — 0° 24' $ 

3. 140''48' — 139''54'»0°48' y 
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Reduotd Hematine. — When an alkaline wuUry solution of 
mixed with k deoxj<lJ»inje: agent such m tho ulkaline tftrtrata 
of Hmmonlo-eulphftM of iron soboxyde, ihe former opvctram given 
to K D«w one, showing two bandp. See flg. 6, [ilate I. 

iQCeiuity. Rank. 
10 s 

- 140" 42' 0" IS' 3 (5 

Blue cut offBt 140^ 

Oiaffrani (if' rediifed Hemutiiie Spectruiii . 



faeraatiiteis Ammmfl 
ita Klniioo ^| 



Band. 




Width. 


1. 


141° 30'- uria' 


= 0M8 


2. 


Ur - 140" 42' 


CIS 



No. 7. 
On rhemieal 
T/trntifiealiim 
t>f DUtatnt, 

hi Dr. 



AbBC P Eb F <: III! 



\ 



This body wad first prodm^'d luid its BpLftrum ub=erv-ed by Slokt'f, 
" The two biuidit are Bituat«d at about the uune ditftaoce apart as tho«c 
" of axy-bomatociyatulliuei and are uo liise shiu^ and digtioclive. They 
" are a little mora refrangible, a clear thiiugb narrow interval interrt;- 
" aing between the firat of tbem and the line D. They difier much fi-oni 
" the baadB of oxy-hematocryxlalline in the relative Etrenglb of the firal 
" and second band. With osy-hcmatocry stall! ne the second band appears 
" almoat an noon as the fii'st, on increasing the strength or thickness of 
" the solution from ecro onward, and when both bands are well developed 
" the second band is decidedly broader than the first. With reiluced 
" hematine on the other band, the drat band is already block and inten!>e 
by the time the second b^ina to appear. Then Iwili bands increaxi-, 
the first retaining its superiority until the two are on the point of 
merging into one by the absorption of the intervening bright band 
* when the two appeal' aliout equal. Like hematocry stall in e reduced. 
" hematine is oxydised by shaking up its solution with air." 

Cruentine, it nr-u- i/erivafe of Ifemalofryiif/tlli/w ami of iliinatine. — Crnfiitio*, i 
hen hmnan t>r animal bcniatoeiTstalline te boiled with snlpburic acid ii derinte of 
becomea diemolysed. ibu albumen dissolves and yields Its particular pro. honaline- 
ducls, aportiou of the heinatlne oL"!) dixMolveti and colours the fluid ruby 
red, while a brownish ruU gnunous matter remaiiiw suspended In lliu 
ftnid in an insoluble stale, 'niisin mnixlure of neutral cni«ntiue with its 
!-ulphat«. Hy washing with water tbii- matter lones ^ulpbui-ic acid, and 
becomet> ultimately A'ee from it. Treated with tiiil|ihurlc add it di^sohoi' 
completely, and io nuw dulpbute of crueuline. 

Cruentine Sulphate. — Wheu a concentrated solution of this liody if Cmentioe 
examined with the spectroscope it shows one broad black band, in red sulphw- 
to orange 142°— 140° 30'=1° 30', bine cut ofl'al 139' 36'. The visible 
1 blue is about as extensive lu the visible green. On dilution this band 
I epiile up into two, and a tliird very feeble band in green becomes visible 
I JBst to disappear. We hare thus a apectnim of three bands. 

Bandi. Meuurcoieiili. Width. Intcniily. liank. 

1 iu yell & orange 142* - 141° 50' _ 0* 10' S P 

2 green 141° 30' — 141' 8' — 0" 22' 10 « 
S gTMB 140= 48' — 140^ Sff — 0° 1ft' 2 y 



The order of iut«nsity of tbeee bandH ie not the same in all dilndoiu.. 
There ia a point when y is just viaible, intensity 1, al which a and ^ am 
An rAm ■ al °^ ^quftl inteneity, while just before the dilution at which y appears the 
jSmtifia^M ^^^ band, 1, is decidedly moat intensG. On continued dilution, however, 
the fli-st band disappeara before the necond. The absorption is at all 
times equal to thut of blood, so that when the fluid shows the merest 
tinge of pink tbe bands aie yet clearly visible. 



Diugriim of Spectrum nf Salphati- of Vrueatine. 



mijdmtificatiim 
T eFDiteiuts, 




This ditignini illustrati's the intensity of tbe bands of figure 9, 
plate I. 

Neutral Jluoresceut CruentiiK. — When the insoluble residue from tha 
sulphuric acid treatment is washed to neutrality and dried, a portion of it ' 
soluble in ether and chlorolbna. The ether solution has four band _ 
which are n little paler than, but as nearly ae can be identical with, thfl 
bands of the chloi'oforra solution. This latter prcpai'ed by boiling is 
dark red, aud shows spectrum — 

Bauda. Mnmremeiita. ^Vidth. loUiisiiy. Bank. 

1. 142' 18' — 142" 3' = 0" 15' 3 y 

2. 141" 55' — 141° 30' = 0° 25' I i 
8. 141° 21' — HI" = 0"21' 5 

4. 140' 45' — 145° 18' = 0' 27' 5 $ 

Blue dmli,L-ut offal 139°<»'. 



Diagram of Spfctriim of jici/r/it fli 




The i^aturaiiid diloroform solution was one Cir. thick. Thcspecb-um 
was measured with the aid of n gaslight only. It fluoresced with 
splendid blood-reil colour in the auu-coue. This is the first body whic 
is known to fluoresce witli homogeneous light, that is to say, tlie 
kind of light or colours wbicli it Iransmitg, 'The fluorescent cone ni 
an intensity of colour equal to that of a solution about ten times moi 
concentrated. Considering its beauty alone the phenomenon may t 
placed by the side of those e.thibiteU by quinine, chlorophyll, or cut 
bear. But by its peculiarity it is perfectly unique. 

Alkaline Four-banded Crucntine. — Spectrum 11, plate II., repreeenU 



■ by arnmouift, 



Menxuremciits. n~id 

142° 15' — 142° 6' = 0° 
141° 48' — 141° 30' = 0° 1 
141° IB' — 140'' 54' = 0° I 
140" 48' — 140° 15' = 0"; 
138" 51". Violet itppeftra r li 



Diaf/ram of Spectrtim of Alkafine Cnieiiti 
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Neutral ^ve-handed Cmeiitine in Alcohol. — Wlicii tie piepai-ation Uentral 
from which chloroform extracts the neutml fluoresccDt cruentine is fife-bandad. 
treated with alcohol, it dissolves easily and almost entirely. The 
centrated solution allows a little Fed to pass ; on further dilution three 
bauds appear, ultimately five, one in red feehle, ons iu yellow also 



w, and three den^e and dark bands i 
t the point of transition into hlue. 



. yeltoi 
green, the last 



InleuBity. Rank. 



BmdB. UeMnrementB. ^ 

1. 142° 18' — 142° 6' = I 

2. 142" — 141° 54' = 0° 6' 2 

3. 141" 42* — 141° 21' = 0° 21' 7 

4. 141" W - 140° 58' = 0° 14' 7 

5. 140° 45' — 140° 12' = 0° 33' 7 
Cut off in blue at 139° 24'. (See fig. 10, pUte I.) 



Diagram of the Spectrum ofjive-handcil Cniftifine. 




When this solution is made alk.'dine with nmmmiin the band 2 
disappears, and the others arrange themselves »<!ightly diflerentlj, as 
Btated above under neutral cruentine. Band 1 remains iu its place, but 
loees a little on the red side. It measured — 



Band 3 of primary solution also becomes leebler and n 

It measured - - 141° 42' - 141° 21' = 0° 21' 

AOer wldition of NH, - 141° 48' - 141" 30' = 0° 18' 




Oh Chfnical 
JdentificalioH 

hj/Dr. 
Y'Tkiidkhum. 



Band 2, which diftappears, coincides with bond 1 of koid craantine 
sulphate, &i the compari»oa of their measuremeats will show. 

Acidcruent. sulph. - ■ 142" - HI'' 50' = 0° Iff 
Band 2 of ahore H[>ectnim - 142° — 141° 54' = 0= 6' 

These coneiderutionB ftdinit of some application to the exjilBnation of 
the epecti'um juat deacribed. The body is either n neutral dibasic sul- 
phate, or is a mixture of acid eulphate and neutral sulphate, the epectra 
of which B)-e intermixed, or oa it is termed, eupeipoaed upou each oUier. 
To tbia latter ex pluuut ion there is, however, this weighty objeciioii, that 
the mixture, a tivo-band body only, is soluble in alcohol, while thefour- 
band body is not solulile in alcohol. Acid cruentine is, however, easily 
soluble in alcohol. If, thercfoi'e, the alcoholic solution coDtaina acid 
and neutral cruentine, the Utter is only dissolved bj means of the acid 
Hiill, hut without lots of ita spectrum. 

The five and four banded cruontino are both transformed into the 
three-bunded acid cruentine by solution in sulphuric acid. Ou addition 
of water the five-btuidod uruaotine is again obtained, which by ammonia 
beaimoa four-banded. 

The five-bandej cruentine was obtoJned by extracting with ether and 
much glacial acelic ucid, cruentine many times dissolved in sulphnriu 
acid, and re-precipitated by water. Immediately on washing out the 
Bcid by water one band in orange disappeared, the red was more Intense, 
and in fact the ether showed the four-band cruentine spectrum. 

Reduced Cruentine. — Cruentine dissolved in ammonia shows the four 
bands. When an ammoniacal tartrate solution of iron suboxyde is added 
tfl it, it changes its spedtrum in the following manner (see fpeetram, 
fig. 2, plate II.) : There is a pale band 1, In red ; possibly there is a 
shadow in yellow lo green, where a rather abrupt transition occura. 
There is a pronibently dark baud, 2, in green, and a broader one, in 
gi-een towards blue. 



UeasuiemeDti. 

142' 21'— 142' 

latent, a mere line. 

Ul^Sff— 141' 

141' — 140° 



Diagram of SptKlnm <■;/' reduced Crueiilin 




On being shaken with air the solution becomes much lighter, mi 
presents again the spectrum of four-banded cruentine. 

When the solution of reduced cruentine is acidiiled with sulpbnrlo 
acid it yields a precipitate. After filtration it is much ligliter and pn«sea 
very dear of a pale roBe tint. Its spectrum shows the banda repre- 
sented in fig. 3, plate II. 

BuJ. Jreaauremeal. Widilu Rank. 

1. 142° _ 141° 50' = 0° 10' 

2. 141' 30'— 141' 8' - 0'22' a 




Diagram of Spectrum qfactiHfied Solution of ruduced Cmtntine, 
being Criientine Sulphiitc. 




I 




No. 7. 
Oh CJumital 
IdtMificatilM 



Tbcst> are the baud? of acid cruoutiiu' in IIiei dilutiun wLcrc y has 
Complutcly disappeared. Crucntinc therefore exliibils this peculiar pro. 
perty, that it can bo decixydised (in alkaline) and reoxjdised (in acidj 
solution. Duriog tbiti proceas, however, much colouring matter is lost 
hy changes not jet scrutiuized. In iU alkaline tiolution it k deaoxydieed 
and reoxydiaed ae easily aa hematocrystalline. It !« a moat remarkable 
I fact in scicQGO that a decompoeitiou product of hematocryglallinc of the 
I second order retains what I will term the breathing power of the blood 
corpuscle. 

Crventine and Hgdroehtorie Avid, — Tlie ohloroforra solution treated f. ^ ^ 
with HCl and water becomes turbid. Warmed, it cleaiii up and appears WTOhloric 
more rose- coloured. Ou cooling il hacomoB, however, agaiu turbid. ^^ 
Ita spectrum ahowa three banilx. 

tVidth. iDlmnty. Rank. 



I greori. Tli(-> margijie of 



Dand. 




I in red 


? — 142° 12' = 


2 in yellow 


142»3' — I4l»fl4' = 


3 m green 


141=39— 146° 18' = 



Greea not shiided, blue entire, but wppen 

$ are sharper than those of a. 



Diagram of Ht/droeMorir Frodunt of tMientiHe. 
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I ThebydrDchlorale was ovcr-aatumted wilb Nil, and warmed. The 
I three bands remained the same. The animoniacnl solution was faintly 
' coloured. Ammoniated water ilid not extract the coloured matter. Il 

is therefore clear that hydrochloric acid eflecte a permanent change in 

cruentiue. 

A combination ol' calcium-cruentate when deoompoaed by HCl and Second hydra. 

extracted by chloroform yielded another spectjum of three bauds. ■"'"" 



I i 






MFnuiireiDent, 
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142" aa' — 142° 12' 


= 0° 24' 


141" aa' — 141° 


= 0° 33' 


140° 34' — 140° aff 


= 0"24' 
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V. — Atomic WeiGnxs akd Decompositions of the AxBCMiNoor 
Substances. 

The most condensed substanceB are those which constitute the human 
body. Brain aubstance, heraatncrjstalline, fibrine, albumen, have aloinic 
weights varying between 20,000 and 1,612, more or leas ; that is to 
the suma obtained by the multiplicaiion of the number of atoms ot enehj^ 
element with the alomiu weight of that element, and by aubisoquent:' 
addition of these prodm:ts, amount to figures varying between 20,000 and 
1,612. Now, as no chemislry is perfect without the knowledge of iba 
atomic weight of eubstances dealt with, so no attempt at pathological 
chemistry can be perfect, or lead to important results, which does no^ 
hnae itself upon the atomic weights of the oormal substances of the body^ 
and uses ihem as a measure for determining the atomic weights of thai 
abnormal ones. The comparison shows the amount of change, and IT 
all stages of the change be known or dcducible, the nature of the change^ 
that is, the pathological process. 

If it were necessary to study the changes of the albuminous matters 
upon substances only which hare i-csultcd from actual pathological pro- 
cesses in living beings, the dilBcultiea of the task would be enormous. 
For these pioducts are of only transient existence, most of tbem are » 
completely consumed or oxydiaed as the normal substrata ; to collect 
them in quantity sufficient for atomic determination would require 
hundreds or thousands of operations ; in many cases it would be impose 
Bible to collect them at all. Under these circnmstances chemical^ 
methods are applied to the albuminous substances out of the body, by 
which they ai'e variously decomposed ; the products are analysed, and 
theu' properties and reactions so well determined, thalif they aAerwarils 
are met with in pathological products they can be at once identified. 
These methods are termed physiolytis and chemolysU ; the health stan- 
dard of conipai'iaon is termed biolysis, and the process of disease which 
they are to illustrate is termed patholysis. Of biolysis a sketch hu 
been given in a previous chapter. From assimilation to the inter- 
mediate cleavage effected by the biliary function, and from this to the 
final excretion of multifarious producis by urine and breath we have 
seen a, connected chain of chemical (synthesis as well as) lysis. Under 
the leim pbysiolysis we imply a solution of animal substances into 
proximate nuclei or final products under the influence of the natural agents 
oxygen, moisture, and heat, in the presence of more or less water. ThV' 
process, when occurring without regulation under the influence of atmo- ' 
spheric infiucnces is termed putrefaction ; but pbysiolysis means putrcfao* 
tion regulated by certain designs and precautions, which may presetri 
proximate products from destruction, collect such as are volatile, andoa' 
the whole keep the pi-ocess as uniform as possible. Chemolysis on thtf 
other hand is the artificial and mostly rapid decomposition of auimol 
matters into proximate nuclei by means of chemicHl agents, which do not > 
themselves undergo nny change, but only combine for a time with eonn^ 
of the products, and m»y ultimately be removed entu'ely. Hot water, pu^ 
ticularly under high pressure, alkalies in water, acids, pai-ticaurlj'y 
hydrochloric and sulphuric, have all this ehemolytical power. BL 
ordinary experiments sulphuric acid is mostly used, on account of i*H, 
non-volatility and the possibility of removing it from the solution mora 
completely than other agents. The application of these methods hns led 
to the remai'kable result that the products of both phyeio-and chemolysis 
do not resemble those of biolysis at all, hut resemble those of pntho- 
lysis ; and again, that the products of chemolysis resemble more to 
those ofpalbolysis than to those of physiolyais, or in other words, that » 
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eick body is more in the condition of bein^ dissolved in sulphuric acid Aitbm 
than in ihat of being putrefied. But there arc exceptions to this, ' 

which putrefttction is cloaelj imitated by the patholjrtical process. 

reiDnins to observe that temperature lea great factor in the eam of results Ideniifieatian 
which mny be obtained hy either proceas. In the dilute sulphuric acid n/Diteatm, 
solution the temperature rifiea little above that of boiling woter; in n ^J^:._ 
regulated putrefnction a very low temperature 12° to 19° 0. is mostly *? 

obseTvcd ;- while in diseases such as fevers a higher temperature, and in XnSuence^ 
others euch as cholera a lower temperature, than the normal (max. lemperan 
38° 6 C, rain. 36° 76, mean 37° 6 C.) one is kept up. We cannot apon Ij'- 
doubt that ilie special dyiiamiaities of the elements of the body are in part 
at least determined by its temperature, and nice versa, that pathological 
influcDces change the dynamieities and consequeully the temperature. 

The mere percental composition of the albuminous substances, albu- 
men, fibrinc, and coscine, is almost identical in all three, and would 
lead to one and the same formula. Nevertheless they differ so much in 
their chemical behaviour, and in their origin, as far as that is known, 
that there must be essential differences determinable only by atomic or Moleeuli* 
molecular weight determinations. Tlie silver and ziuc compounds of weiglit <rf 
albumen hud led Lieberkiibn to adopt 1612 as the molecular weight albumen, 
and Cn H,„ Ni, SQb ^ the formula of albumen. The researches 
of ScLwarzenbocb bj means of (he [ilalino-potossic cyanide had ap- 
parently led to the Bame result. I tliercfore repeated tliese eicpcrimenla. 
The pi at iuo-po lassie cyanide was jircparcd by dropping a coucentrated 
aotutioa of platinic chloride into a concentrutod solution of potaesic 
cyanide, and beating tho mixture until the precipitate which framed at 
first was redistiolved. The platinic chloride was reduced by the 
cyanogen to subchloride, as evidenced by the escape of ammonia car- 
bonate, and nitrogen, On cooling the salt crystallised ; it had to ba 
recrystallised. Other modes were also tried, but considered still Icsa 
satisfactory and more expensive timn the foregoing one. The formula 
of this salt is — 

2 (K Gy) + *4 Cy, + 3 ( U,0). (Gy = GN) 
In the researches of Scbwarzenbach, this salt, when dropped into a 
solution of albumen previously acidified with acetic ncid, produced an 
insoluble while precipitate, a compound of albumen and plaliuic cyanide. 
This left on an average 5-56 per cent, of Jif, leading to 3,236 as the 
molecular weight of the albumen combined with it. The atomic weight 
of albumen as given by Lieberkiibn and doubled in accoi-dance with tha 
requirements of the didyjiamic churacter of the -Pt atom, is 3,224, which 
differed so little from 3,236 that it could \ic considered identical with it. 
But in my own analyses an averngo of 634 per cent, of 4^ waa found, 
which divided by the atomic weight of Ji* (197'4) gave a quotient of 
0-0270 instead of the 00283, the one required by the theory of 
Schwansenbach. This dcstrnycd ut once the proportions between Pt 
and albumen, and cau^d me to abandon the research as not likely to 
lead to final information. Since that time my apprehension has been 
confirmed by two events. The first are researches by Diakonow, which 
make it very probable that tho irregnlurities in the composition of the 
platJno-cyunlde precipitates of albumen may be still greater than I liad 
found them j and the second is that Schwarzenbacti has retracted his 
Btatement about the atomic weight of caseine being half that of albumen. 
The eflect of all these analyses and discussions is that inquiry is anew 
directed to the melliods which I have adopted in the following for 
getting at the atomic weight of the albuminous substances. 





Phjsiolysis ofFibrine. 
As the products of putrefaction take a considerable tihare iu the 
if wounds and dyecra^ias tb^ir study was contiuucd Dpon fibriiie. Tti^ 
fibrine woa allowed to decompose in its wet stnte, without auyuddilional 
water, in loosely covered glass TCBselH ia a cool place. Oii analysis it 
yielded tnauy ol' the matters ulready descrihed by Bopp, and iu addition 
e new ones. The fibrine had deliquesced, and ils watery aorution with 
c u!Otie acid and boiling yielded albumen Thia pheuomcnon goes 
far to Buppcirt the theory of the foi'mation of libriue abore related, 
according to which it conlnius two albuniinous nuclei, and would 
therefore have an atomic weight of about double that of albumen. But 
as olher derivations are not excluded, and the formation of fibrine as 
well as its physiolysis have neier been investigated quantitatively, no 
certain deductions can be made. Caseine or boiled flesh yield no 
soluble albumen by phj-siolysis. 'Die fluid derived fi\>m the decomposei] 
fibrine by mixing with water was turbid, conliiiiicd myriads of infusorial 
beings, particularly vihriones, and a suspended organic matter, which. 
made filtration almost impossible. From this J extracted cholesterine by 
alcohol. This might possibly be derived fromsome while blood corpus- 
cles, which it is almost impossible entirely to exclude from the fibrine, 
but its quantity seemed to he greater ihan this surmise could account 
for. By treatment with lime volatile alkalies,* particulai'ly ammonia 
and trimethyl amine, the latter in small quantity, were evolved, accom- 
panied by a crystalline matter which was soluble in ether and had a 
powerful and disagreeable odour. By treatment of the residue with acid, 
valerianic, butyric, and a small quantity of other acids were oblaiued. 
From the fluid I extracted, with ether, a brownish red oil, soluble in 
hot, insoluble in cold water, soluble iu spirit, which was an aud, and 
formed a pilchlike salt when treated with lead acetate. From the 
evaporated lluid leucine was extracted, then there remained a eyrup, 
which was soluble in alcohol and precipitated by ether, dissolved earthii 
and acids like flie syrupy acid (fluoresceutic acid, see belowj obtained by 
salpburic acid cheniolysis of albumen, but was distinguished from it by 
yielding with sulphuric acid tyroine. This latter body therefore 
remains longer attached to the original main nucleus in putrefaction 
than in chemolysis. The most important of the above products of this 
research were destroyed by an incipient conflagration which unfortunately 
took place at the laboratoiy during a hot summer noontide. ^^j_J 



Chemoti/sis of AVfumen, 
f The decompoaitiou of albumen by artificial chemical means or 
cbemolyais is a more practical way lhan tlie former, as being leas 
difagreeahle to the senses of the operator and requiring less time. I 
have repeated and amended almost every known process, and on that 
account alone the results would possess some value. They claim, 
however, more attention on account of the discovery of six well-defined 
new and highly iuterosting chemical compounds, wJiich I will shortly 
describe. 

Of materials, fibrine, albumen, and yelk of egg, caseine, blooil, cows, 
and human hair, camels' hair, horn shavings and horn dust, and a great 

• Some years ago Grace CalTert annouaced ia ibe Proceed. Kojal Soc. tl—t 
he had obtained (rom putrefying mi-at aod fish, volatile atknlies coatoining sulplutr 
and phoBphoria. In my researches I hare never met with such volalilc idkalies, and 
Ihink il verj' queslionable whether Ihey do aclnally exist. The volatile crygtalliae 
mailer may coatain sulphur and phosphorus, but is no' an alkali. 
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variety of human and animal organs were employed. As decomposing' Appkndd 
agent I mostly used sulphuric acid, but also caustic potash. By the acid .,^^ — T 
treatment there was obtained a brown substance, soluble somewhat in OnChmici 
acids, easily in alkali, reprecipitated by acetic acid in brown flakes, which LUniijieatk 
when dry form a brownish black powder. (Possibly fluopittine, defined of Disea§e. 
l)elow, may stand in some relation to this brown matter.) It is ques- ^*if P^- 
tionable whether it corresponds to the insoluble matter suspended in ^^*^dichim 
putrefying albumen and fibrine. A small quantity of volatile acids was iviaterilZ 
obtained and combined with barium. They have not yet been analysed p^ 
imy further. Next large quantities of volatile alkalies were collected. ^"^^^*^ 
These consisted mainly of ammonia, but a peculiar smell of seafish, and ^®^^^^® ^^ 
blackening of the salts on evaporation, led to further scrutiny, whereby Volatile 
some trimethylamine, C3H3N, was isolated. (Platinum in the chloride * *^' 
combined with platinic totrachloride=37*20 per cent.) By repeated ^«^^y^* 
extraction with alcohol, and recrystalHsatiou and reprecipitation with 
platinic chloride, salts were successively obtained which contained 
39'20 per cent. 4^ 39*14 per cent. Pt, and corresponded to dimethyla- 
mine-chloride-platinic chloride. A salt was further obtained yielding 
42*56 per cent of 4^ being nearest to the theory of monomethyl am* 
monium CI ^ CI4, which requires 41*87 per cent, of -P*. Further a com- 
pound was frequently obtained containing 42*23 per cent, to 42*28 per 
cent., 42*85 per cent, 42*0 per cent, of -P^ and corresponding to a salt or 
mixture iu atomic proportions of 1 atom of trimethyl-ammonium— 
chloride — ^(ilatinic chloride, and 3 atoms of ammonium — chloride— platinic 
chloride. In most of these salts the carbon and hydrogen were also 
determined by elementary combustion. I am of opinion that the imme- 
diate products of the chemolysis of the albuminous matters contain far Descriptioii • 
more complicated alkalies than those above obtained. During the boiling ^^^ comirfi. 
with lime large quantities of gas of peculiar smell are constantly ^ fukam 
evolved, being volatile hydrocarbons not absorbable by water or acid. 
The condensed hydrochlorates of the alkalies become black during every 
evaporation. Consequently a decomposition is constantly taking place, 
leaving ultimately pure ammonia. We shall see that neurine, a base 
obtained from brain -matter, yields by decomposition trimethylamine, 
and can bo artificially prepared from it I have no doubt that albu- 
minous matters as well as cerebric acid yield neurine, and that the 
compound ammonias above described are derived from some such proxi- 
mate product of decomposition. A most remarkable product of this 
chemolysis was a new alkaloid, to which, from its most striking power of 
fluorescence, I gave the name of fluorescentine. This is a white Fluorescent! 
solid, deposited in little rosettes of leaves and globules. It is little 
soluble in w«itcr, little soluble in ether, more easily soluble in alcohol. 
It dissolves easily in dilute sulphuric and other acids, and is precipitated 
from this solution by iodine in crystalline needles of green and gold 
colour. It is quickly altered by even moderate heat, least in its watery 
sulphuric acid solution, most in a concentrated alcohol solution when it 
is evaporated on the steam bath. Its power of fluorescence (violet blue) 
is not destroyed by any solvent, acid or alkali, which does not absolutely 
destroy the substance itself. Accompanying fluorescentine is a substance Parafloioe. 
termed parafluine, which is red, amorphous, readily soluble in alcohol 
and ether, but insoluble in water and dilute sulphuric acid. It is Irritating 
accompanied by a matter having a powerful odour, causing great irrita- •abttance. 
tion of the nose and eyes, and in a concentrated state spasms of the 
muscles of the eyes and lacrymation. Its odour and action are liko 
those of a mixture of mustard and garlic oil. By tho aome ^^^qm^ 
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onothor product, fluopittine,* is oblmned. Fluopitiinp, iusolublo in dilute | 
sulphuric acid and iu etber, is eaflily aoluble in alcohol. The Bolulioa i 

IiiUnsit;/ Diagram of Speclnim of FluopUtlnr. 





has a reddish brown colour, and properly diluted yields n rcmnrkablo 
spentrum. This shows two absorption bands in red which are lliin like 
sun-lines, aad two broader bnnds iji green. (See Plate IV. fig. 3.) 

1 = ?. 3 = a. 

2 = B. 4 = 7. 

PoHsiblj it is ooly the resinous product of the decomposition in over- 
hoatcd alcoholic solution of fluorescent! ne. It is at present impossibls 
to discuss the signlficaace of any of theso substDnees. But it is remark- 
able thikt the extracts of tetanus organs and of the parts from cholera 
bodies yielded a small quantity of fluoresccntine. 

1 instituted a careful discussion of the phenomena of fluoroacenCQ 
exhibited by the new bodies, and a comparison with the "animal 
quiuoidine " discovered by Dre. Duprd and B. Jones, The latter has a 
purely pky-blue fluorescence, and is made opiicftlly inert by hydrochloric 
acid, like quinine. It difli^rs, therefore, greatly from fluorescentine. 

The phenomena of fluorescence will in future yield impoitant means 
of diagnosis in animal chemistry. When speaking of iirochrome I shall 
have to describe two of its products, which yield absorption and fluo- 
rescence phenomena in the spectrum and condensed sunlight. PosNbly 
fluorescentine may be the cliemolytic form of that particular part of 
the nucleus of albumen, which in the course of biolysis leads to nitH 
chrome, and by the chemolyaia of the latter to omicholine and omicholic 

I further extracted from the albumen products a crystallised substance 
containing sulphur, thiotherinc ; as the process is at present only Email 
quantitiea are obtainable, 70 pounds of acid and 50 pounds of hair 
having yielded me only a few grains. 

There was also extracted an uncrystatlisable acid, fluoreacenlic add, 
which seems to be the basis of all albuminous substances. This was 
studied in many ways, like all the other new substances, but the technical 
details of these inquiries have to be excluded from the present account 
Of other known matters, tyroine, leocimide, and leucine were extracted. 



I 



' Thin -waif firand to be very EimilBr tp the Bpectrnni of cbolonematif 
biliary coloured mailer (reported, B. 11., from Norman), port soluble in ether. TiuB | 
•lao bad Ibe two tbin lines, but reversed in order, the thinnest being towirdi tl 
red end, and two broad bands in green. 



n very dilute solulioo 



wilb ihnt of the biliary miitler 



from tyroine by the influence of iadioe. tfac ^milari^ | 



yield similar dcrivtle* at the latter. 



'e than cholophmne, and might tberefoce I 
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In order to decide whether thiotherine was not merely a mixture of Appemi>ix 
leucimide with some sulphurous bodj, I instituted some researches on .jT"" 
leucimide. It was produced from leucine by a reaction, which also OnCkniiea 
yielded an oil and amylamiue, together with leucine hydrochlorate. Five IdenHficatim 
elementary analysb showed it to be €i H,| NQ. Consequently it con- of Di$eaaa, 
tained an atom of water less than leucine. It could not have any relation TT^idm. 

to thiotherine, which contained 19 '9 per cent, of sulphur. Of tyroine* 

many reactions were studied. The product of its action upon mercurous Leacimide. 
nitrite, which is dark red, was subjected to spectral analjrsis. It showed Xj-roine. 
no special absorptions. Erythrosic acid from tyroine by nitrous acid 
was found to be an acid, and its insoluble barium-salt was obtained and 
partially analysed. The product of the destructive distillation of tyroine 
hydrochlorate was found to have great fluorescence, to crystallise and 
dissolve in alcohol. On leucine many researches were instituted which Leoeine. 
yielded most interesting and useful results. A new mode of purifying 
it yielded technical facilities, which were used in the production of a con- 
siderable amount of pure leucine, to be used in future experimental 
pathological inquiries, particularly those relating to rheumatic fever and 

endocarditis by acids of the lactic acid series. Leucine (€«H„NO,) is an 
amido-acid. It occurs in so many parts of the body under such a variety 
of circumstances, that some methods for its better and more complete 
isolation were highly desirable. I therefore studied its compounds, and 
found that the copper compound seemed to offer &ciiities for that 
purpose. In studying this compound I obtained several new combina- 
tions with that metal, which I will shortly characterise. 

Dicupric trileucine, G^^vJ&xiiJ^J^ ^^^^ 24 • 58 per cent. €ni required. Copper- com- 
and 24-47 found ; 8- 1 per cent. N required and 8*3 per cent, found. ^^ ®' 
Monocupric dileucine, GhHmCuN,Os with 18'55 per cent. 4^ii found, 
18*56 required. Both these salts were obtained by various pro- 
ceedings ; one exhibited the power of leucine to displace hydrochloric 
acid. To leucine hydrochlorate oxyde of copper was added to satura- 
tion; the solution was evaporated. Ultimately all leucine was com- 
bined with copper, all acid was volatilized. Monocupric trileucine 
CitH„CuN,Ote 13*95 6u required, 14*38 per cent, found, was obtained 
by boiling with water monocupric dileucine. Under these circumstances 
the neutral salt breaks up as follows : — 



I ■ . J- ■ 

3 ^toina raonocaprie 1 atoni monocopnc 1 atmn dicopnc 

dileucine. trileucine. trilendne. 

Gu = 18-66 per cent. Cu = 13-95 per cent, Gu = 24*58 per cent 

The mercniy compounds were very variable, one quite insoluble in 
cold and boiling water was found to be pentamercuric hexaleucinc 
^le^fl^HfeNeOi, ; Sg required 57*94 per cent., found 57*09 per cent. 



* Formerly termed tyrosine, but the tenninal *^%** ^ tfrot not belonging to the 
root, has for grammatic^ reasons no place in the eomponnd. 
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choleBterine. The powder is exhausl«d nith alcohol, lastly, 
filter placed in a hot funnel, unlil the alcohol is only rninlly yellow, and 
on evaporation leaves only ft little colouring but no resinous matter. 
The exhausted powder is now treated with cold dilute hydrochloric 
ncid, wliicb causes the evolution of caibonic acid and sulphuretted 
hydrogen. It is better to allow the acid to act upon t)ie powder tax 
some days at the ordinary tmnpcraturc, than to iucreoHe its dUsolvtng.d 
powt^r iti tiioe by the employment of heat. The powdor is washed !)#■ 
dccantatioD, lastly, ou the filter, and trcatetl a iieconil time with alcohuL ' 
It now eittrocta but little biliary acid, but a brown colouring matter, 
which baa evidently been set free by the acid (mainly bilirubine), which 
is slightly soluble in alcohol. After complete exhaustion with alcohol 
the residue may yet be treated with ether, but if the former operatjoiu 
have been completely performed this agent will extract little or nothing^ 
besides a little bilirubine. , V 

After drying the powder is of a fine reddish yellow colour, whidl 
speedily becomes red or brownish red when exposed to the light. It it 1 
now boiled with pure chloroform, fi'ee from water and hydrochloric 
acid, caro being taken to condense and cause to flow back into the fla^k 
the evaporated chloroform. The chloroform solution may now bo fil- 
tered off, and the residue from the filter returned into the flask, to ba^ 
anew boiled with chloroform. Largo quantities of cbloiYiform are ■ 
necessity lost during this operation. The powder may also be plat 
into a so-called exhauster, but then the advantage of being able to b 
the chloroform with the powdor is lost. 

The following mode of opei-ating is the most advantageous: — Tfae^ 
solution obtained by boiling is allowed to stand at rest with the powder I 
in the closed finsk for 24 hour& After that lime all powder hu ' 
collected on the top of the fluid ; the clear dark red solution filla the 
bolloni of the flask. This solution is now drawn off by means of a 
syphon fixed in u cork, which clo^a a second flask, and which ia partly 
emptied of air by suction with the mouth through a second tube pierdag 
the cork, after the free end of tbe syphon has been immereed to the 
bottom of the flaek containing the powder and solution. The fluid thus 
drawn off is obtained perfeetty clear by filtration tluttugh paper. From 
the red solution mot>t of the chloroform is distilled ofi in the water-hath. 
The residue is placed on a filter, washed with chloroform, then with 
absolute alcohol until the latter is nearly colouriess, and the residue on 
the filter purely red, without any admixture of green. The colourii^ 
matter thns obtained is magnificently red, and of exactly the same 
appearance as the red oxydo of mercury obtained by lieatiog the mtralA 
Absolute alcohol and ether extract from it no heterogeneous BubstfUtM^ 
and only little of the colouring matter itself. But it ia well to puriFf it 
once more by solution in chloroform, and precipitation of the eoncentnled 
solution by absolute alcohoL 

After the chloroform has repeatedly acted upon the gallstone powder 
the amount of colouring matter extracted by each operation becomes 
exceedingly small. It is then advisable to treat the dried powder »ffoa 
wilh dilate hydrochloric acid, to wash it with water and spirit, nad 
after drying to resume extraction with chloroform; or the dried powdff 
may be treated with an alcoholic solution of caustic potash. The colonr- 
ing matter dissolves with a dark reddish brown colour, and can easily be 
separated fi-om the sediment of impurities by filtration. The filtrate 
after acidolation wilh hj-drochloric acid deposits the red colouring 
matter in flakes, which are quickly collected on tt filter, and then boOn i 
in absolute alcohol or shaken with chloroform. After cooling the pr*"'! 
cipitate is collected on a filter, and waxhed with absolute sioohoL II f 






I ii ft yeUowiah powder, whicli owing to its finely subdivided state quiokly ArpEsnu. 
■becomes green on the surface by oxydation. In that case it must be ir~r 
■gnitt treated with absolute alcohol. The chloroform washings, which q, cktmieal 
■re dark gieen, should after distillation of Bome chloroform be preci- IJeniificatifio 
pitated with nbsolate alcohol, to oblain the restof bilirubinc. From the o/Dueaiu, 
various mother liquors much green colouiing matter may he obtained, -t^ Pi' 
particului ly fi-om the fiist alcoholic acid solution, by addition of water. ^ " "*'• 

Bilipbirint and Bilirubins. — Before the discovery of the use of ]jj]ip|,a,ing ^^^ 
chlorolonn hi a solvent of the colouring matter, only broirn modilicatioDs biiirubice. 
of this substance were known and obtainabln by the several processes 
then in use, parlicukrly that employed by HciutE. These brown matters 
were termed hiliphxine or cholophieine, accordinji; to the more or less 
puristic tendencies of authors. When, however, the red colouring matter 
was obtained by means of chloroform, it was generally assumed that the 
brown colour of former preparations had been a aif;n of impurity. The 
red colouring matter accordingly went by ihe name of cholerythrine or 
bilivubine, and was believed to be the only form of pure colouring 
matter of bile. 

During many operations for the isolation of pure colouring mittt«r 
of bile I regularly obtained two mod! fiea lions, one being reddish brown, 
the other of a purely red colour, like nitric oxyde of mercury. The 
brownish red products were kept apart for further purification. The 
purified product showed a darker, somewhat purple brown colour, bat 
in all other respects behaved like the purest bilirubine. On micro- 
Bcopic examinatiou it was found to coasiat of large crystalline particles, 
mixed with many perfect cryetala. The bilirubine on the other hand 
consisted almost eutirely of minute amorphous granules ; only when it 
had been precipitated by alcohol it showed minute yellow rhombic 
prisms. When the mixlui-e of chloroform solution and alcohol, flora 
which the first or immediate precipitate of bilirubtne had been removed 
by filtration, was allowed to stand audmixcd gradually with some more 
alcohol, it deposited another quantity of colouring maltei' partly red, 
portly brown, the former amorphous, the latter in large crystala united 
to clusters. The brown crystalline part could be separated by hevi- 
gation with alcohol, in which it settled quicker than the red matter. 

The crystals thus isolated had a dark reddish brown colour ; their "—-•-'- -' 
surfaces reflected the light with a purple and steel blue gbtter. They 
were opaque under the microscope ; thin scales appeared reddUh or red ; 
the veiy tliinnest cryBtala, of which there were few, transmitted the 
light with a yellow colour. The cryrtnls were mostly from one-tenth 
to one-eighth of an inch in length, of from one-twentieth to one-thirtieth 
of on inch in width, and their thii'd diameter was probably from one- 
hundredth of an inch to immeasurable thinness. By their form they 
belonged to the rhombic system, being prisms in some crystallisations 
simple and with obtuse nearly right angles, in others with sharp angles 
oD the one, obtuse angles on the next edge, and planes from secondary 
prisms cutting off the sharp angles of the primary ones. 

The most minute crystals of bilirubine also showed the same shape, 
and were of a yellow colour. The red modification could by cautious 
crystallisation always in part be transformed into tho brown. Without 
special elementary analysis of the two modifications, it may be consi- 
dered as proved that this colouring matter appears in two modifications, 
ft crystallized or crystalline ouc of purple brown colour, cholophteine or 
biliphxine, and an amorphous oue of a bright red colour, bilirubine. 

This observation will explain the discrepancies concerning this sub- 
stance which have existed in the writings of many authors. It dis- 
proves th« Etutement of Stiidclcr that tlie pure colouring matter of bile 
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was red odIj, and tbat nhen a product of tliia kind was 
brown and cry alatlised it was impure. 

In the following I shall consider uholopliffiine and Lilirubine iu> 
iilentical chomieal substances : liut whenever the one or the olhcr nnnn' 
ia used in the description of a proiress, the reader will uoderst&nd iliui 
the modificatioQ indicated bj tlie name has been taken for iho cxperimaot. 

The red nearly orange coloured amorphoua colouring matter wl 
exposed to light, while all moisture is carefnlly excluded, gnuliu&j 
assumes a brown colour on its surface. In the interior the po' " 
remains uncliaoged for a long time. When boiled with wttter for some 
time it aasuraea the same brown colour. In water it is quite insolablp, 
alightlj soluble in boiling absolute alcohol, with a yellow colour ; ud 
filtration through paper the colouring matter of the first portions of 
alcoholic solution remains adhering to the paper tibrca, and the alcobol 
passes nearly white. 

In ether it is very little soluble, somewhat easier in sulphide of 
carbon and benzole. The best solvent ia chloroform, of which 512 parti 
dissolve about one part of colouring matter. The rajs of the son difr' 
colour the chloroform solution ; the addition of hydrochloric acid 
duces a precipitate in it. 

Bilirubine when prepared us above and dried in vacuo lost yet 
water and then was constant. By many variegated elementary analj 
its com position 'was aacerlained to be G-g H, NQ^. 

Atomg. Atomic Weights. In 100. 

9C 108 66*26 

9H 9 5-52 

N 14 8-59 

2a 32 19-63 



163 100 00 
Compounds of Cholnphmine. 
Neutral Monohi/drated CholophosinaU of Silver. A 

solution of cholophatine in ammonia, prepared by digesting ■ 
ammonia solution in water with excess of cliolopbaiinc, was prvcipital 
with nitrate of silver. The precipitate was of a reddish brown coloi 
and aftei- washing with water was dried in the vacuum over sulpbnil 
acid, light being completely excluded. 

The mean of several determinations gave 37*39 per cenL of silver. 

Taking into consideration that the analyses of cholophieino or bilimbiae 
led to the empirical formula Q^ II, NO^, there cannot be any doubi lioi 
that the quantity of silver found in the cholophaiinBte ia exactly Ihkl 
required by a neutral monohydrated compound of the fonnoli 
Gb H„ Ag NOj. However anomalous may be a silver salt containing*!) 
atom of water, it is now certain that the composition and molecole uf 
cholophajino is expressed by the formula Q^ H, NQ,. 

Theory of cholophteinate of silver di'ied in vacuo =G, II„ Ag Ji-O' 
Symbols. Atomic Weights. Per Cents. 

©, 108 37-50 






10 

108 



3-47 
37-50 
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Biuic Anhydrous Cholophisinate of Silver. — - An ammoniacal Appbkdiz. 

solution of cholophseine (which cholophseine had been repeatedly puri- 

fied by eolation in chloroform and in caustic potash and alcohol) was ^^- 7- . 

treated with nitrate of silver. No precipitate appearing an excess of 9:^ ?^"^ 

silver was added, and then some nitric acid to neutralize as nearly as ofDu^ueg 

possible the excess of ammonia. A precipitate now formed, the solution by Dr. 

became perfectly colourless, and the precipitate was washed with water. Tlmdichym, 

It was dried in vacuo at 130** C. ■^-; — 

It is thus shown that cholopha;inate of silver is soluble in free ammo- ^^**^ silver 

nia, and that when the ammoniacal solution, in the presence of an excess ^^ ' 
of silver-solution, is neutralized down to a proper degree, the basic salt 
falls down. Its theory is derived from the data concerning free cholo- 
phseine, the neutral eolver-salt, and from direct analysis its formula is 
G» H, Ag, NO,. In this compound two atoms of hydrogen are replaced 

by two of silver. An analogous lead compound in which the two atoms 
of hydrogen are replaced by one didynamic atom of lead will be described 

lower down. Its formula is €9 H, 9^^ NO|^ and its production 

strengthens the presumptions in favour of the basic silver compound. 

Theory of basic cholophseinate of silver dried in vacuo = €9 H^ Ag, 

N©r 

Symbds. Atomic Weights. Per Cents. 

G, 108 28-64 

H, 7 1-85 

Ag, 216 57-29 

N 14 

6, 32 

377 

^Neutral Cholophainate of Barium. — An ammoniacal solution of Neutral barium 
eholophaeine with excess of ammonia was precipitated by chloride of ^1^- 
barium. The dark greenish brown precipitate was washed until the 
jBltrates were free from barium ; the filtrates were all somewhat green 
coloured, and on standing deposited green flakes. The compound was 
dried at 100% and formed a dark brown powder. 

The analyses yielded data corresponding to the requirements of a 
barium compound^ which is strictly analogous to the neutral silver-salt, 
containing a didynamic atom of barium, which solders together two 
molecules of cholophseine by replacing one atom of hydrogen in each of 
ihem ; two molecules of water are superadded. 

Theory of barium cholophaeinate = Cis H^ Sa N, Og* 



6ymb<^ 


Atomic Weights. 


Per Cents. 


Gy, 


216 


43-46 


u» 


20 


4-02 


S* 


137 


27-66 


N, 


28 


>» 


e. 


96 


»» 



497 



Half-aeid Chohphainate or Sesquircholoplusinate of Barium. — ?*^"**'*it* 
This salt, prepared by precipitation from a neutral ammoniacal solution by *""" 
Sa Clfl, washing with water, treating and boiling with alcohol until the 
alcohol on filtration and washing passed clear and colourless, was dried 



U.UII. in the Bteam closet. It remained of a brownUh red colour, but after 

— being powdered it became of a darker brown colour on the surface 

'■. during drying. Dried at 100° until constant, and then at 110" C, it 

*tim y's'ded on nnulj'Bia data which allowed that in tbia cboIopIueiDat« one 

^_ atcm of barium ia in combination with three molnculea of cbolopbxine. 

If to the dihydrated neutral cholophKinate of barium described above 

"■ we adil one molecule of cholophteine, thus — 

1 cholopbftinatc of barium Ca U» *a N, O, = 497 At. W. 
1 cbolophBine C H. N O, = 163 „ 



Wa obtain - - C„ H, -Ba N, O, 

To the theory of this compound the above analysi 
as is evident from the following compariaon : — 
Svmn. - — Percent*. 

4909 



jxactly correspond 



Sa 

o. 



20-75 



Found Mm 
50-63 
4-37 
20-66 



By the followii 
neutral and tho u 
etriking mannei-. 



CH^BaNAi 

Atom W, = 497. 

'Ihfory Fou 

G 43-4G 44 

H 4-02 3 

4Jii 27 • 56 

.Yculral Cholophw. 



•■55 



HaLF-ACTO CHOLOPILaiNATe OF 




Babiqu. 




CH,.B.a<,o, 




Atom W. = G60 




Thiwrv. Found. 


G 


49 09 50-63 


II 


4-39 4-37 


s. 


20-75 20(36 



innate of Calcium. — The excess of cholophfeine, 
to mnkc the neutral -ammoniacal solution used 

for Ibe production of cholophreinatc of silver, was dissolved in a 
plight excess of ammonia and precipitnled hy chloride of calciam. 
The precipilalo was red. Dried nt 100° it yielded on analpis 
data which ni-e given at Icngfb in the paper. Calculating from 
the.se dala a fonnuln, we obtain a neutral cholopbaeinate of calcium 
G^t Hhi Ga N, Oj, which is in every respect analogous to the neutral 
barium coinpoiuid above described. We must assume in it the existence 
of two iiiiiliculis of water, whicii are not espcHcd even at the tenipera- 
Tlic following comparison of iheory wilb the analjiicil 



data 



ill make llic 



le^H of llie: 



HjmWls. 


Atomic Wfightfl. 


Ptr cents. 


ti- 


2Ui 
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HaJf-acid CMapluBinaie or Sesqvi-cholophtsinaie of Calcium. Appendix. 

— -I had first of all cholophasinates prepared the bariiun eah^ which 

was found to be a sesqui salt. The neutral calcium salt was next ^ ^chlmuial 

obtained, and indicated the existence of two classes of salts, neutral and identificatimi' 

half-add. The correctness of this conclusion was put to the test by the oj DUeasetf 

endeaTOur to obtain the neutral barium salt, and the experiment proved by Dr. 

successful. It was next necessarj to obtain the half-acid cholophasinate ThMdiekwm. 

of calcium. A neutral solution of bilirubine was therefore precipitated — ; — 

by chloride of calcium washpd and dried. Half-acid cal- 

The compound was found to be analogous to the half acid barium ^^^""^ 
compound ah-eadj described, and has the ^rmula dyH|,GaN,Oi, and 

the following Uieory : — 

Theory 



f ^ 

of atonifl. 
e» 824 


of per cents. 
57-54 


Hh 29 


5-15 


Gk 40 


71 


N, 42 




0» 128 





663 

The following comparison exhibits the differences in the composition 
of the neutral and the half-acid cholophaeinate of calcium. 



NeUTBAL CnOLOPHAINATK OP 

Calcium. 





€i»H«^aNA 




At.W. 


= 400. 




Theory. 


Found. 


G 


54- 


63-86 


H 


5' 


4-9 


Ga 10- 


• 10- 17 



Half-acid CHOLOPHiEiNATE 
OP Calcium. 

At. W. = 563. 

Theory. Found. 

G 57-54 60-37 

H 515 5-74 

€a 71 6-91 

In his researches on the colouring matter of human gallstones, Stadeler Explanation of 
produced a combination of bilirubine with calcium, which on analysis Stadeler's 
yielded him 9* 1 per cent, of calcium oxyde. Assuming this compound *"<>'• 
to be the normal neutral salt, he allowed the atomic weight of bilirubine 
to be thereby determined, and rejecting his former analyses of crystallized 
oholophsine as given in Frerich's Treatise on Diseases ot the Liver, he 
abandoned the empiricid formula C,gH^O«, and substituted CjiHigNiOe ns 
the formula of the bilirubine, and CsiHijCaNsOe as that of bilirubatc of 
calcium. (The foregoing three formulae are given in the old notation.) 
As this formula is supported by only one, and that a very unsatisfac- 
tory calcium determination, and as all the analyses of Stadeler concerning 
bilnrubine or cholophaeine can be brought into harmony with my results, 
I can have no hesitation in considering his formulas, both of bilirubine 
and bilirubate of calcium, as erroneous. The bilirubate analysed by 
Stadeler was evidently the sesquisalt. 

Theory of ^s^H^aNjQe requires Stadeler found 

eaO or Ca 

9 - 1 per cent. 6 * 5 per cent. 



€aO or Ca 

9-94 per cent. 7 • 1 per cent. 



With Stadeler's formula of bilirubine fall the formulae of all other 
substances described by him under the names of biliverdine, biliprasine, 
bilifuscine^ and bilihumine. 
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It remains to point out in this place the circumstances under wtiii 
cbolopiiffiino will form balf-ocict, neutral, or basic salts. A watery solutu 
of ammonia which is saturated with cholophi£ine by digealion with i 
insolable exceex yields on the addition of neutral sails of metals tl 
sesquisalt. Possibly the ammonia suit is itself a sesquisalt while dii 
solved in watei'. From somewhat alkaline solutions the basic salts Q 
silver and lead are precipitttted by the op|K>rtune addition o: 
of metallic ealt. But m^utral salts of earths added to solutions contAininj 
excess of ammonia precipitate the ueuu-nl compounds with earths. 

Cholophminate of Zinc, — A neuti'al ammoniacal solution of 
phaeine was precipitated with sulphate of zinc. The reddish browi 
precipitate was eaeily washed, and quite insoluble in water. Dried ■ 
100° C. it wa.s subjected to analyttis. From the amount of zinc foatti 
it is evident that this compound is constructed upon the plai 
half-acid salts of calcium and barium. Thus — 



1 DcutTol cholophaeiuate of Eint 

1 cholophieino 

1 molecule half-acid cholo- 
phffiinate of zinc 



CH.sZnNO. 
C.H. NO, 



Theory of G„lI„a„N.O, 

AlomH. Atomic Weight!:. Per cea 

G„ 324 

Il„ 29 

Zn 65 11 -0; 



JTenlral lead Neutral Cholophmnate of Lead. — Precipitated from a neutr 

solution by acetate of lead. Dried at 100°. Figures were obtaitted] 
which keep in proximity of those requii-cd by a neutral dihydrMi 
cholophieinate G,alI»4i4)N,Oa. At. W. = 567, -Wt = 3650 perceiili 

The half-aciil cholophsinale of lead G„H„4iJjN,0, = 730 requit* 
28-21 percent. ofPb. 
ic lead abIi. Basic Cholopbieinale of' Lead. — The compound was precipitated fa 
acetate of lead in great excess from a neutral ammoniacal solution oi 
cholopliceinc (rubiue), which, although it did not dissolve any rata, 
cholophiEine, smelled of ammonin, and had an alkaline reaction, " ' " 
at 100° C. 

This compound may be explained a.% being a basic cholopbKinate, « 
eholophicine, m which two atoms of hydrogen are replaced by < 
didynainic atom of load. 



At. Weights. 
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This compound corresponds to the basic-cholophaeinate of silver, or Appxkdxz. 

binargentic cholophaeine, described above, C^HyA^iNQ,. 

No. 7. 
Neutral Cholaphcnnate of Capper, — This salt was precipitated by On Chemical 
sulphate of copper from a neutral solution. Identification 

Basic Cholophceinate of Copper. — This salt was obtained by precipi- ^rP't?"**' 
tating an ammoniacal solution with excess of acetate of copper. T^uUdSatm, 

The only probable formula for this compound is that of a cholo- 

phseinate containing 2 cholophaeine and 3 copper. Neutral copper 

Atoms. Atomic Weights. Per Cents. Foond. •^** 

€,. 216 „ „ Baric copper 

Hio ***^' 

If *^ » 99 

Cus 190-5 37-31 38-70 

N, 28 

©4 64 



510-5 



On Cholochlorine, or Biliverdine, 

When bilirubine is dissolved in caustic potash and exposed to the Mode of 
air it becomes gi-adually green. This change can be accelerated by producing 
warming the solution and passing a current of air through it. When '>ilive'^ne. 
in thin layers it is purely green, without any admixture of red or 
yellow, the reaction is complete. On addition of hydrochloric acid a 
green matter is precipitated in flakes, which is first washed by decan- 
tation, and lastly edulcorated on the filter. This is biliverdine. 

Chemical Properties. — Biliverdine is easily soluble in alcohol, with a Chemical 
splendid green colour, particularly while in the wet state ; after drying propertiea. 
it is soluble with great difficulty only ; it is more soluble in hot than in Soluble in 
cold alcohol. It is soluble in hydrochloric acid, forming a green ?^^^J?f 
solution, in which platinum-tetrachloride and mercury dichlorido produce *** ^ 
amorphous green precipitates. A quantity of alcoholic solution boiled 
down with tincture of iodine, and the residue shaken with dilute caustic 
potash, lefl a greenish-black resin, which was not soluble in sulphuric 
acid except under evolution of sulphurous acid, indicating decompo- 
sition. By reducing agents the biliverdine cannot be retransformed 
into cholophaeine. Dissolved in caustic potash and treated with hydro- Reducing 
thion it assumes a greenish-brown colour, but the original red is not »g«^ta. 
produced. When metallic zinc is added to a solution of biliverdine in 
hydrochloric acid, the green colour disappears and gives way to a 
brownish-red one, but the produce is insoluble in chloroform. An 
alkaline solution treated with sodium-amalgam changes its colour to 
a reddish brown, and a small quantity of a brown matter is deposited in 
flakes. But the reddish-brown matter on exposure to air does not 
become green again. Hydrochloric acid precipitates a brown flaky 
matter from the alkaline solution. 

When chlorine gas is passed into water containing biliverdine in Effect of 
suspension, dark yellow flakes are obtained, which while insoluble in chlorine, 
water and ether dissolve easily in alcohol. When a few bubbles of 
chlorine gas are conducted into an alcoholic solution of biliverdine the 
dark-green fluid is instantaneously discoloured. After evaporation of 
the alcohol yellowish white flakes remain, which by a gentle heat fuse to 
a reddish yellow mass. They contain chlorine, and are a mixture of at 
least three compounds, which can be separated by chloroform. 

Biliverdine when repeatedly purified and subjected to variegated Comporition, 

analyses gave data which led to the formula G^l^JSQ^ 

20571. R 
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Bilipniplne, 



63-57 
5-96 



Hean fotind. 
62-94 
6-13 



This shon^ that biliverdine arises from biUrubiae hy the kdditioa i 
2 oxygen, and the subseq^ueDt subtractiou of 1 carbonic acid. 



Biliruhine. 



Oxjgen. 

20 : 



Biliyerdine. 



Cvbonic Add. 



Ou boiling lui alcoholic solution of biliverdine with caustic ammoi 
and nitrate of eilvev, a reduction of the dig^olved silver oxyde is obserr 
The solution i-emiuns gi-een, but on addition of an acid, such a 
hydrochloric, or sulphuric, araumes a splendid purple colour. The i 
body produced is a product of oxyJation and termed bilipurpine. 

The alcoholic solution of biliverdine is not altei-ed by boiling with 
red oxyde of mercury. Lead peroxyde immediately changes its colour 
to brown, and precipitates n portion of the dissolved matter. The same 
change of colour without any accompanying precipitation is produced to | 
peroxyde in tbo presence of ammonia. Peroxyde of lead and sulphurieS 
acid changes the colour of the alcoholic solution to a light yellow, andiV 
eyolvea aldehyde and acetic ether from the alcohol. " 

Biliverdine dissolves easily in canstic alkahes, and is not precipitated 
from their solution by any metallic Bait, A saturated solution in alcohol 
gives a precipitate with baryta water. When this reagent is added 
until a sample filtrate is only pale green, and boiled, all biliverdine is in 
combination. It must be filtered quickly, air being excluded, and washed 
with strong alcohol. It cannot be washed with water as the purer it 
becomtis the more soluble it is, and if washingwith water were indefinitely 
oontinued It would be dissolved entirely. The onalyses of this salt led 
to the conclusion that it contains three molecules of biliverdine and one 
didynamic atom of barium, and has the formula ^H,rB«N,6n o 
C«H„eaN^+H^. This is half-acid l.iliverdate with one Mom pf_ 
water, according to the following theory: — 

1 mol. neutral biliverdate Gi.H„BaN^. = 437 
1 mol. biliverdine CH,N O, = 151 

I mol. water H, O = IS 1 



1 mol. of half-acid biliverdate, C„H,^N,©, = 606 



e Mom of 

4 



AlDIDB- 

2-1 C 
27 H 
fia 
3N 
70 



Per Cents. 
47-52 
4-46 
32-60 



If the one atom of water be omitted from the calculation, the theory of 
carbon correBponds better with the experience, but that of the barinm 
less well. 

Atoml. Ab Weight!. Theory ofptr Cents. Meui found 
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Lime water yields a precipitate in an alcoholic solution of bilirerdine, Compoond* 
which doe«, however, not appear to be a compound in atomic proportion)) '"''' "'«'»''■ 
but u mixture of such a one with excess of free biliverdine. 

Lead atetate prodacean precipitate in the alcoholic solution of biliver- 
dine, which is more soloble in hot than cold alcohol, Basic lead acetate 
produces a voliiminouit precipitate, which is so complete that the fluid 
has the merest green tinge. Acetate of mercury also produces a preci- 
pitate more soluble In hot than cold alcohoL Acetate of copper produces 
& brownish green precipitate, and tlie filtrate is neiirly colourless. The 
precipitates of lead, mercury, and copper con be washed with water with- 
ont dissolving. Freshly precipitated silver-oxyde does not combine 
with biliverdine without change, but produces oxydation. The derivate 
ie yellow, and soluble in water and alcohol. 

In an experimejit ioelitntod to measure the quantity ol' oxygen neoes- 
iory for the transformation of a given quantity of bilirubme into 
biliverdine, by means of the deoxydation of an alkaline copper solution, 
Beveral copper compounds were produced, of which two coutained the 
copper in such a form that it could not be removed by carbonated soda, 
but followed the product iuto the alcoholic solution. One of these pro- 
ducts bad a peculiar spectrum, and exhibited an absorption band in 
Uue wben viewed by the aid of Drunimond's light. 

^eetral Phenomfna of snme of the Colouring Matters of diseated 
Bile, and of certain artificial Products. 

The norm^ colouring matters of bile do not yield any particular Speotnl 
phenomena of abeorption, Tlie spectrum of iiiliverdine shows red very phenomena rf 
brilliant and green very prominent, as if the one half of the spectrum ^^wm 
was overcast green, the other red. Up to the time of my researches on 
cholera no derivates of these matters yielding particular i.e. character- 
istic spectra were known. In the report of these researches, p. 496, I 
gave tiie first spectra of derivates ever met with. I state again their 
main phenomena In this place in order the better to be able to appre- 
ciate their diflerencee Irom the newly discovered spectra of pathological 
colouring matters to be dericribed immediately afterwords. 

Cholocyanine. — An ammoniacal solution of cholophaiine was treated CbolocjaninCk 
ivitb concentrated nitric aeid until a blue precipitate was formed. This 
was quickly isolated by liltration, and after washing with water dissolved 
tn alcohol. It showed an absorfition band in yellow, which at medium 
Intensity measured 142° 6'— 141° 48'=0° 18'. The red was shortened, 
the green was somewhat obscured • the first half of the bine waa clear, 
bat the second half and the rest of the spectrum entirely obscured. See 

pute n. fi " 




This sptctium ol "ulpliale ot cbotocyaiiine liy sulphuric aciJ differs from 
the one by uitrjc acid onlj in tliis, that the tcrmina] of the band o 
red aide ib 0" 6' more advanced towaids red than that of cholocyanine 
by uiti'ic acid, while the line nearest to yellow remaiDa the same ia both 
preparation?. This Bpectrum ia represented iu flg. 8 of Plate II. 

Sulphate of Stilpho-cholocj/atiine, — Cholophocine was tre-sted with 11 
times its weight of aulphurie acid hydrate. After standing six hotm £ 
had assumed a reddish green hlack colour. DUuted w-ith sulphnrid 
acid it was almost impenetrable to light. More diluted red, then « 
dark baDd, then pome light, but no green, blue, or violet was seen. 
More diluted tiicre appewed (see lig. 9, Plate 11.) red, then band 

InteiuUy Diagram of Sulphate o/ Sulpho-C/iohcyatiin 




142° I8'~I4r 86-0° 42', green and blue. This band in the concM- 
rated acid solution is broader in both directions than tlie band of 
sulphate of cholocyanine in dilute watery solution prepared by filming 
Butphuric acid. The line 141° 36' was difficult to read, and thero- 
fore somewhat doubtful. A second reading of dilute solution gnt. 
142° 6'— 141° 36'. A third observation of the spectnim of the conceo- 
trnted solution between two glass plates, so that a very thin hiror onlj 
had to be traversed by the liglit, gave 142' 18'— 141" 24', blue and 
violet being cut off. 




Cholol&allinc. — The ooni^eutrHled hoiutioii just described on diluiiuu 

with much water depo§ita a green precipitate, of which a portion 

is insoluble, another soluble in acohol. The insoluble portion, eholo- -. ^^Jl^^ 

I thallme, has the composition G, Hn N Q,, aud ia therefore hydratcd Idaiificiiticm 

I cholophffiiue, an iaomer of tyrblne. The soluble portion has in solution ifDifut, 

I a red coloov, and shows two i-emarkable bands of absorptioa, resembling ThLS± 
T aomewbat to the bands of blood, but being aitnated in different part* 
of the spectrum, i.e. more towards the red eud than those of blood. ClioloihallinB. 
This spectrum is re[H^»nted in fig. 10, Plate II. 

of soluble Cholotltallme. 




Ikiai. iUaxarevM'ai. Width. iDteaeiiy. lUnk. 

1. 142" 18'— HI" 54' = 0^ 24' 3 = « 

2. HIMS'— 141° 6' = 0''42' 3 = 3 

The green ead;i in faiiilCMt bluish black, and the tpcctrura altogether at 
140° M'. 

The foregoing bodies were artifloial deriratcs of cholophxine by 
chemicBl processes. The following substances, however, are natural 
products of diseased processes. 

Chohnematine. — The retsiduc (B. II.) from alcoholic extract of 
colouring matter from human gallstones waa dissolved in ether. The 
Bolulioii appeared green in reflected light, brown iu transparent dilute 
Bolution. The latter showed a remarkable spectrnra of four bands. Of 
these two wert" thread-like (hence the name), thin, like BuiUines ; two 
broader ones were iu green and blue. - (See Plate IV. fig. 4.) 




I < 



51 



3 „ o9 to 6S = 9 3 = ;9 

4 „ 70 to 77 = 7 7 = y 

Green shuded from 87 ; cutoffatlOti, The hue lines are clearly visible 
with the snlphide of carbon prism only, but are fused together when seen 
in the magnifying spectroscope with flint-glaaa prisms. In the latter red 
extends apparently uniformly to 51, or a, and is there suddenly cut off. 
Blue ie cut off entirely, even in very dilute solution. The four bands 
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remain to the end, 1 bcL-omiiig feeliluat is therefore 8. Addition uf 
sulphuric aeid makes t and « very feeble. The apectrum hu some 
similarity to that of xanthophyll (from chlorophyll of grass). But. tha 
hand iu r^d of xanthophyll b one, and certainly a, while the two bandi 
in green are very feeble. The aleoholic solution of ether estraut of 
bilifuscine from human gallstones before precipitation with ether, on 
compariaott abowed no bands. Most similar to choloneraatino U the 
apectrum of flnopittine, described in another ])art of this raport. But. 
in this latter the wider of the two thread-like lines, a, is situated towardt 
the red end, and the thinnest one inside of it, the reverse being the cue , 
in cboloncmatine. 

Bovipragine, a green colouring Maflcr from Galhtones of Oje^r^ 
The nloohoUo extraation of the gallstones left on evaporation a re: 
residue wbioh dlisolved in ether waa submitted to spectral analyxis. '. 
showed three bands. 

Uasd. Measurement. Width. InleDBJCy. Rank. 

1 in red H2' 24' - 142' 6' = 0" 18' 10 « 

2 in yellow 142" — 141" 48' = 0" 12' 3 p 

3 in green 141° 42' - HI" 24' = 0" 18' 3 y 



Inleimi/;/ Diagram of Sprclruin of Boriprai 




Green cut oil' at 140° It)', fjefii in thenon-nmgnifying 8p«tT03cop« 
is divided, a ]>henomenon not caused by the interference of the sodil 
line, as this latter is on the green side of the band 0. 

Compare with boviprasine the spectrum of celluW algw from pond 
Surrey Gardens. 

Bovifutcopittine. — This resin wns extracted from ox gallstones by 
alcohol. It was treated with caustic potash, precipitated by hydrochloric 
acid, and dlaaolred in ether. It did not crystalliae. Fatty scidi 
were then removed by precipitation with lime, and the roan was dic 
solved in alcohol. "The solution was brownish yellow to red. without 
any green tinge whatsoever, In the apectriira it presented a single band 
overlying the D line. {See Plate IV. fig. 5.) 

Diagram of Spectrum of Bovifitscopittine. 



ridth=12. InteuH. (i. 
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MweoproMine, — TIuh reain u extracted from ox gallstones b; meana ArFunux. 
of alcohol. It has a green colour in the solid Btat«, and retains it on ~~ 

solntion in aleohol. In the Bpeotram it shows bands of great beau^, ~ cAimjmI 

one in red being very black, (See Flats IV, flg. 6.) The resin hai a Hnrttmiwi 

pBrticular musk flavour. ofJhttatm, 

bgDr. 



Diagram of Speclntm of Museoprcaine. 




Cut off at 122. 1 and 4 ai-e very feeble bands and diffloult to read. 

ElkovUorifU. — Tfaa first ether extraction of ox gaUitoncB yielded a EthocU(»ine. 
green-oolonred substance, which in its second ethereal solution showed 
the fbOowlng speetrum (see Plate IV. fig. 7) :~~ 

Diagram of Spectrum of Ethoehlorine. 



-9 - 7 



Width, 
to SO = 2 
„ 68 = 4 



Violet to 160, In the flint-glass prism and magnifying spectroscope 
the band 1 is hardly seen. Red reaches to 48, and is then suddenly 
cut ofl) but it also reachea to 58, and is then cut ofi* a second time. The 
margin of the band 1 towards yellow, and that of the band 2 towards 
the red end, are apparently washed away. This is the most complicated 
spectrum met with amongst biliary matters, and should be compared to 
that of cmentine. 

Of other colonred ingredients of bile and gaUstonCB, bilifuaoine and Other edonred 
biliprasine have bera ^emioally examined in various directions, and inpedients ot 
their alementa quantitatively determined. An aeconnt of these reaearohes ^^ 
must b« rewrved until after their completion. 
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Appendix. BUc. — The remarkable reaction of bile known as Pettenkofer's U 

has been subjected to a special study, which was thought to be 

J""' ''■ greater imporlance, when it was found that cerebric (wiil yielded t 
^,^^°i reaction just as well as bile acid. 
" "■ The products ^parated at present are : — 

(a.) Precipitate by absolute ether from absolute alcohol solutic 

(Salts containing five per cent, of S.) 
(6,) Do. second precipitate, containing acid eolnblc in Wat* 
giving insoluble barium salt. 

Acid, precipitated by hydrochloric acid, giving salable barii 
ealt. 
(e.) Salts soluble in mixture of ether and alcohol, yielding 0I4 
acid. 

Biliary aicid, the essence of reactive power. 

The spectrum of the test, which has a peculiiir iibsorptiou, wi 
determined. 

To obtain a vary clear solutiou, acid was employed which had sem 
for producing the lest once l>eforc. Red slightly shortened. Absorptk 
band in yellow. 142° — 141° 24' = 0' 36'. (.See Piute IV. fig. 8.) 

Diagram of Inteiisilr/ "f J'ellcnknfer's Tent Spertruin. 
AaBCD EhF G llli' 
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The tluid was prepared by adding a few drops of a concentrated teal 
to a greater bulk of roncontratcd sulphuric acid until the band could be 
seen. Another rending gave 142" 6' — 141° 18' = 0° 49'. Green much 
dulled. Blue dulled, but not cut off before its ordinary end. This 
spectrum has to be studied with I>rummDnd's light, as the colour of tha 
fluid is ao intense that a very dilute solution obscures the other p 
the spectrum before the band is quite dark enough to show c 
edges. Tlie band given by cerebric acid in Pettenkofer's teat is 
rently different. It shows 141° SO" — 141° = 0'' 30'. But lliia a! 
to be examined iu Drummond's light. It is questionable whether t 
band of cerebric acid in the purple test is due to the purple, t 
acid and lecithine from eggs with sulphuric acid alone yield a b 
fluid, which red in dilution, shows a very similar band. 

The communication of the extremely intricate details of this difl 
research must be reserved for another oppoj lonity. 

The veaearchea on cholophceino t-nd biliverdine have dot^mineif 
aeries of qnestions with which most animal chemists have for 30 »i 
years been engaged. The chemistry of the bilo in its great fea 
has been thereby completed. The chemistry of diseases in which t 
bile shows abnormal phenomena has been thereby made more ( 
The research on cholera funiishes some evidence of this ; in many b&«l 
the colouring matters could lie diagnosed as well as the biliary nd^M 
and to the absence of either a due consideration could be given. 

Of the influence of these researches on current th&oriea one ma/ t 

'"*' — "■ The hypothesis that the coloured ingredients of bile t " 




257 



dii-ectly derived trom those of tliu blood but bceu eliowii lu l>e devoid of 
any foimdation, particularly the erroneoua Etatement that tho cbolo- 
pbieiiie and bUiverdine coDtdued iron (Hai'Icy) has hcen vomp\ete\y 
disproved. 

Of incidental researches and operations I must mention — 

Analysis of a particular brown human gallstone. 

Analysis of raised human gallstones. 

Analysis of o specimen of reputed bile colouring matter from man. 

Opei-ations for extracting colouring matter from 03c bile had to bo sus- 
punded on account of the danger of a nuisance in the neighbourhood of 
the laboratory. 

Esti'aclion of colouring matter from jaundiced urine. 

Many inquiries do not appear in tlie account, as though ihey were 
essential us means for arriving at the truth, they only served to ezpos(^ 
previous errors. It is, iiowcver, necessary to allude to them in a re- 
sponsible account, as ihcy include a great number of elementary 
analyses, which at an oai'ly period of the research were the only avail- 
able tests for the purity of bilimbine and biliverdinc, and took up a 
great amouut of time unavoidably, and happily with a positive ultitnal« 
result. 
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Examination of a GalUtone from a Pi(/. 

I subjoin here, as of much interest in relation to soi 
under discussion, the details of my examination of 
found in a pig. 

The gallstone filled the entire gall-bladder j it was arranged in con- 
centric layers of light and dai'k yellow colour. The whole was brittle 
and fell into tragiueuls on removal. It was powdered. The powd.r 
was yellow. 

DetcrminrUion af the Hygroicopie Mt>i»lure. — The entire quantity MoiBture. 
of powder, including the hygroscopic moisture, weighed 17'4 grammes. 
A quantity of this healed at 120° C. until its weiglit i-emained alationaiy 
lost 8-28 per cent, of water. 

Extraction with Wattr. — The extraction was repeated to exliaustiou, Waiter exirmet 
and tins filtrates, which were very pale yullow, were condensed. A 
resinous matter deposited. This was radissolved, refilterod, and the 
solution treated with sodium sulphate to precipitate hyocholato of 
eodium. A small quantity of ibis snlt, perfectly colourless and of 
characteristic properties, was isolated in this manner. 

Treatment of Powder kHU Alcohol. — ^The washed powder waa treated Alcohol 
with a large volume of alcohol in the cold. After tliree duys' standing '^*'^"^'- 
large masses of white crystals were found to have beea formed. They 
were fine needles in stellar groups as seen under the microscope. On 
boiling they dissolved in the alcohol. The jxiwder was therefore 
cxhansted with this solvent, ami all the flltratej* were united. After 
evaporation of the alcohol a quantity of nearly white lime-salt was left, 
weighing 12-06 grammes. This was repeatedly radissolved and ro- 
crystallised from alcohol, and the wfiito portions obtained were sub- 
jected to analysif. Heated with potassium it yielded no prussian blue, 
and was consequently free from nitrogen. On combustion with sodium 
carbonate, and nitre, no sulphuric acid wus (ibtained, consequently 
sulphur was absent. 

Etemenlnri/ Anali/tes i>f ide Salt : — Elwnenlary 

(1.) 0-328 burned and weighed gave 0025 calcium carbonate, equal »"»Ijwb. 
to 0-0143 grammes, or 4-35 per cent. Ga. 
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(2.) 0-346 gi-ommes burned and treiileil witli Hj SO, gave 0-0189' 
gypsum, equal to 4'8 per cent. Ca. 

(3.) 0- 1995 gi-arames binned iii liyiJ cbromate gave 0-0195 11 
0-1309 Q, equal to 65-6 per cent. ^ aod 97 per cent. H. 

The§o analyssH lead M the formulaot'cholato of calcium. Thie is 
gular, as one should have exp»:ted to find the lij'ochoial«, which 
contttina more carbon than the cholato. Hoino other ci-jslallizations 
yielded pi-oducta, which on analyais corresponded to the hjocho- 
lato of calcium ; one product even by it« high amount of hydrogen 
(CgtH^tJg) was shown to be a new acid, to which I attribute the naia*^ 
of hyocerosinic acid. 

Pari imolulU in Alcohol.-— ThiR dried on the filter weighed 3'8" 
grammes. It was treated with dilute hydrochloric acid, and the gUM 
which were evolved, were passed first through an acid solation of 
arsenions acid, and then through an alkaline solution of barium salt. 
The former remained clear, so that the absence of any hydrotUon 
{always present in ox gailstoncB) was proved. The latter gave a pro- 
eipitate of barium cai-bonate. The insoluble part was now separated 
troiii the hydrochloric acid solution, and the latter was cvaporaled to 
dryness on the water-batb. Ou resolution iu little wat«r and a drop of 
hydrochloric acid, there remained a residue of mucus and a li 
idumina. The filtrate gave no piecipitate or other reaction with hyi 
thion. On addition of ammonia an immediate precipitate ensued wbii 
was soluble in caustic potash, and re-precipitated by very concentrated' 
hydrochloric aeid. It was consequently tdumina. The tests for phos- 
phoric acid and iron gave no feault. The matters which were soluble 
iu ammonia fell on addition of ammonium carbonate and chloride. Tlie 
precipitate rediasolved in hydrochloric acid gave with sulphuric acid a 
precipitate of gypsum. Barium or etrontium wera not pre»eiit. The 
matters soluble in ammonium carbonate gave a precipitate with am- 
monium phosphate containing the inagneeia. The filtrate evaporated to 
dryness and ignited n-ith alcohol showed traces ofpotash. 

The port msoluble in hydrochloric acid was put talo a (laak &ud 
exhausted with hot alcohol. It had assumed a diSierent structDTS. 
The original light yellow granules had become disintegrated and 
passing into a brownish colour. They wore dried in the nlrnm rln—t, 
and treated with chloroform. A pale yellow solution waa obtained 
which contained very little material, and on distillation of the chloro- 
foi-m left a green solution, in which even on great concentration, na-j 
deposit foi-metl. The solution was further examined as follows :- 

Green Chloroform Extract — ^A large quantity of chloroform 
with the residue from hog's gallstone assumed a pale yellow i 
After evaporation to a nmall bulk thin solution was of a bright 
green. In the Bpectroscoi>o red was cut off at 43, green at 105, and 
visible spectrum was all green, yellow and orange being completi 
overlaid. 

The green solution, shaken wiCh water made alkaline by a 
caustic potash, yielded all its colouring matter to the water, 
alkaline water- eolution was purely yellow. 

The chloroform solution evaporated left a slight greenish retldm" 
which with nitrous niti'ie acid gave a purple red reaction, with admixlim 
of blue. The final reaction was not yellow, but colourless. 

The watery alkaline solution extracted from the chloroform, afier 
boiling treated with H CI became blue. 




Chemical CharwHem of Ike partUtulat 
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of alcohol a yellow matter sepai'atca, n blue one remains dieaolved. This fdentifkatitm 

has a spectrum with a bond meoaiu'ing 55 to 67 = 12. Intens. 3. Yellow n/Dittaiia, 

to dai'k green. Blue commences at 106 and reaches to 155. Possibly hg Dr. 

the band in red extends by a very feeble shade to 81, or even to 88. Thudkhim. 

of Spertnm of Alcohol .Solution of Bine Matter or 
Jli/ocoeruline. 





The yellow colouring matter, hyoHtLviiie, iii iuHoluble in nicohol. 
Easily soluble in caustic nlkaM, with a yellow colour. Little soluble 
in chloroform, with a yellow, after evaporation green, colour. Insoluble 
ID ether, but somewhat soluble iu ether and glacial acetic acid. 

Nilrie Acid Reaction iif the Coloring Matter. — This coloring matter Nilric acid 
WRH dissolved in alcohol and potash, boiled, and nitric acid udded. K«d, reaciion 
violet, blue, and green produced from below upwards. The blue solution 
in spectrum showed three bands. 

Dingrnm of Spectrum of ^'itric Acid Product from Hf/oflax- 




Blue till 142. 

Seoood hand is not completely separated from the first. The green 
which is free, i» bi-oad and beautiful. The solution became on standing 
more purple, but the hands in spectrum remained the same. 

Reaciion of Coloring Matter with fuming Ii| $Oi- — Green jtroduced. Fuming sal- 
light and beautiful. Diluted with H, SO. solution cuts off end of spec- ^L'^^''* 
trum lo 45. AH is green to 110. Blue to 149. No particular bands are 

discernible. On dilution with waterthe green colour remains in solution. 
This teat seems to differ from the analogous bilirubine test in this, that 
the green is of a lighter tint, and that its sulphuric acid solution gives 
no bands in the spectrum, while cholothalline hfti^ two bands. 



NaT. 
On Chentical 
Idenlificafvm 
qfDUrata. 

■jaluJu-ZiKfli. 

Beacdon of 

oblorofonii 
•olulian. 



Very little soluble in chloroform, 
with a yellow colour, becomiug 
green ou erapoi'ation. 

Yellow deposit on cTaporation to 
dryness. 

Spectrum all gi'een, yellow and 
oi'angc overlaid. " 

Groen solution sbaken with polash 
water yields tJl hyoflavine to 
water. Light yellow aolution. 

The wat«i' uolutiou boiled and 
treated with acid becomeB blue. 

Slight greenish residue of chloro- 
foim solution j'lelds a purple 
and blue reaction with uili-ic 
acid. No yellow at end. 

Hyoflavine dissolves in alcohol and 
potash with an intensely yellow 
colour. Ou heating it becomes 
greenish. 

From heated solution H CI precipi- 
tates a green matter, which con- 
sists of a yellow precipitate, 
unchanged hyoflavine, and a blue 
matter, hyocoemline. 

By longer heating of the walery 
idkaline solution all hyoflavine 
is transformed into hyocoei-nliiie, 
which falls at once with acids as 
a blue matter. 

By nitric acid red, purple, blue 
aud greou reaction produced. 
Blae alcoholic solution has the 
following spectrum ; 



IlyocoKTuUne. Biiirerdim-. 

Blue in alcohol solution. Green in alcohol solution. 

Spectrum ; One band in i-ed, situ- Spectrum : No band at all. 
ated U8 in the folowiug speclrum. Red and green divide the spectrom 
between tliem. 



Compai'ativcly easily soluble in 
chloroform, with a divrk red 
colour : dilute also yellow. 

Yellow and red deposit on evapo- 



Rcd solution yields all bilimluns 
to potash water, Orange red 



rhe water solution boiled 
treated witli acid becomes greeo. 



Dissolves iu alcoholic potash 
orange yellow colour, on heating 
becomes gi-een. 

From heated solution H CI precipi- 
tates a yellow-orange matter, 
which is stiuaed bilinibiae, and 
a green matter, bill ver dine, 

remains in solution. 

By long heating of the watery 
nikaliue solution all bilirubine 
is transformed into biliverdinf^ 
which falls at once as a green 
matter. 

By nitric acid red and purple, blue 
and green I'eaction. Blue matter 
iu alcohol ba$ spectrum i> 
(.■hojoejauine, here represented. 
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VTI, — Colouring Mattehs of the Urine. 

,.,. .. .. -. .. Appemwi 

I found It requisite lo undertake au " expenmental comparison of 

various modes of determining the quantity of uric acid in uriue." The Na 7. 
motives for tliis reacarch ai-e contained in the paper, to lie publislied O" Chemk 
elsewhere, and arise out of the necessity to begin the study of the '"fc^iflM'" 
dyscraeias (gout particularly) by means of the best methods only, go j^p^"^' 
that i-eaalte cannot be colled in question upon the basis of the science as ThMdiehitm. 
it wits at the time the research was undertaken. 

The rexult of the research is the gain of a much improved method Hric acid, 
of analysis of uric add in mine, which, while confirming a part of deierminaiion 
Lehmann's prescription, is an independent improvement of it and of 'l"*"'"?' 
kindred proceedings. ^"k^*^ 

The phpiological part of the research, extending over 32 days, in- "*'"<™- 
volved the collection, without loss, of the urine excreted during that "^ ^J' 
time. The uric acid having been determined, there remained valuable ^jfoL j^t^ 
material in the shape of the extract of over 40,000 C.C. of urine, which niining uro- 
it is intended to use for nn attempt to determine the amount of cbrome. 
urochromo or colouring matter contoiDed in the urine by the amount of 
the peculiar products of decomposition of that eubetance (ui'omelanine, 
uropittine, omicholine) obtuinsble under the influence of acid?. This 
will be carried out as soon as the elementary composition and atomic 
weights of the two last substances ore deteiinined as certainly ns that 
of uromelanine. 

Crie Acid. — About 12 pounds of urate of ammonium were operated Uric acid for 
upon, and the uric acid (neaj-ly .5 lbs.) obtained in a pure state. The chemolytic 
product ia intended to serve for a rescorch on uric acid, particularly '■*'**™'' 
those products of its decomposition which like alloxan appear lo take n 
sliai-e in important chemical pathological processes. 

Para-uric Acid. — In the course of the analyses of a cose of malignant Pa«-aric aoi 
juuniUceor yellow atrophy of the liver I met with a particular form of 
uric acid, which cryatallbed in long silky needles. It was more soluble 
in water than uric acid, and deposited from it on addition of hydro- 
chloric acid. Like para-beuzoic acid it gradually changed into ori^nnry 
Bcid while being repeatedly re crystallised. 

Alkaloid in Human rrine.— The acnith for nn alkaloid in Ne* olkBloid 
tetonne necesailaled a parallel examination of healthy human structures •""«»« arine, 
Bnd fluids, of which that concerning the urine has resulted in the dis- 
covery of a new organic alkaloid. The several processee for the separa- 
tion of alkaloids, from animal tissues were at the sometime subjected to a 
aeiuliny. It remains to be seen in what relation this alkaloid stands lo 
omicboUue, a remarkable gubslance lately extracted from urine, and the 
analysis of which is not yet completed. 

Vrockrome. — The researches on the coloured ingredients of the urine (jrochrome 
were continued upon 60 quart* of putrid urine. A quantity of all the product* from 
usual decomposition products, fixed and volatile, were extracted, but pntrid nrioe. 
uromelanine alone could be advanced to final analysis, as stoled in the 
essay on that body. During the summer of 1866, some six gallons of 
fresh urine from healthy adult male persons living regularly were 
e%'aporated daily, and afler Imving nndcrgone iho several processes 
formerly described by me, the extracts were treated for the decomposi- 
tion products which it was desired to obtain, 

Pfevarafion of Uromelanine from Putrid Urine. — Pure human 

irmal urine is put into a sulphuric ocid flui^k. or carboy, and allowed to 




decompose during 12 months. During this lime the bottle is kept well 
stoppered. Tbe clear terroented urine ia tben drawn off with a syphon, 
and without filtration immediately evaporated on the steam-bath. During 
evaporation the Ibrmcrly clear and yellow uiine agsunies a dark brown. 
nearly black colour. The concentrated liquid can scarcely be filttrred. 
It is at once treated with Bulphurlc acid in the cold, which precipitates 
uromelanine, uropittine, omicholine, and much beazoic acid. The pre- 
cipitate collected oil a lUter is exhausted first with boiling water, whiob, 
removes benzoic acid and other soluble matters ; nest with boilino; 
alcohol, which takes up uropittine and omicboline. There remaiDi' 
impure uromelanine as a biaek powder. This U now dissolved id a littlA 
caustic potash and much water, and filtered. This process of filtratiott', 
constitutes tbe greatest difficulty of the operation, as the mucus su»* 
pended in the fluid quickly obstructs the filterx. It is tberefoM' 
necessary to dilute the fluid very much, to let the mucus settle in higb 
Iteakers, aud to filler oidy the upper clear layei's, to the exclusion of itM 
lowest ones. Every filter which becomes clogged should be immediately 
replaced by a fresh one. The solutions sbould be allowed to stand, ami 
be refillered so ofWu that ultimately they will pass easily and wilboot. 
residue through fresh filters. To the clear dark red, in reflected light 
black solution, sulphuric acid is now added, until the uromelanine falls in 
flakes and the fluid has an acid reaction. The liquor, ufler the buU^ 
precipitate has settled, is drawn off by meatis of the syphon, and wash' 
ing eflectcd by water and subsequent decantation. Finally the prft-' 
cipitato is stirreil up five or sis times with strong alcohol, aud the 
alcohol di-awn ott by the ajphon as many times. UltimateJy the pui-ple 
black matter is collected on a filter, washed with alcohol, and dried. 

The properties of uromelanine thus obtained are identical with thoM 
of uromelanine from fresh urine. In pai'licular it is inwluUe in water ; 
very little soluble in alcohol, but imparts to this agent a dark red colour, 
in the cold while it is in its bulky condition, but when contracted and 
pulverulent boiling is necessary to colour the alcohol. It is very eaeily 
soluble in dilute caustic alkalies, ammonia and potash, and precipitated 
by any ncid. From its solution in the smallest quantity of ammonia it 
is completely precipitated by most soluble salts of the earths and meUls. 
The ammoniacal solution of nitrate of sflver produces do precipitate in 
the ammonia solution of uromelanine, but the precipitate appears o 
aildiliou of acetic acid. 

Uromelanine, whether prepared from fresh or putrid urine, is soIabkS 
1 in acetic acid, more iu hot than in cold; and from this solution nitratif 
of mercury precipitates n red matter. On itry distillation it gives out 
white fumes, which condense to an oil, but no sublimate of any kiad ii 
obtained. The fumes or oil are neutral, bleaching rather than changing,! 
like acid or alkali, the colour of litmus. They give no aniline reaction * 
but with nitrate of mercury they give an exquisite red reaction sad I 
precipitate. A very voluminous dense charcoal of the bulk of ths J 
original particles remains. 

TJi-ometanino dissolves in nitric acid with a dark i-ed brown colour. | 
Red vapours ai-e evolved on boiling, but the reaction is not violent e 
with much acid. After long boiling the solution is yellowish rell 
Addition of water produces a fawn precipitate which is entirely soluU>fl 
in nlcohol, and witli ammonia and barium chloride gives a Tolumlnoil 
yellow precipitate. When the nitric add is evaporated two matters ai 
loft, one soluble in alcohol the other insoluble. The solution gives tl 
red reaction with nitrate of mercury. 

Concentrated fuming sulphuric ncid easily dissolves uromeUni 
forming a red or purple solution. Immediate addition of water | 
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pitates all coloured matter, and the liquid is white and clear. But when 
the concentrated mixture is allowed to stand over night, water precipi- 
tates a coloured portion ; another coloured portion remains dissolved. 
Carbonate of barium precipitates all coloured matter on boiling, and the 
filtrate is again white. 

Recently precipitated uromelanine suspended in water and subjected 
to the action of chlorine yields a brownish substance, soluble in boiling 
alcohol. While the spirit is being heated, some of the substance melts 
to a brown resin, which dissolves by continued heating with new alcohol. 
The solutions added together yield on cooh'ng yellowish red amorphous 
flakes. These flakes are not again entirely soluble in alcohol, probably 
because the chloro-compound undergoes a change during the heating 
with the alcohol and subsequently. This supposition was confirmed by 
the results of elementary analysis. 
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List of Preparations of Uromelanine referred to in this Research, List of piepara- 

1. Prize Essay Preparations, vlohm. 

From 1 T) 1 .1* ..I. fA. I. Element, analyses, neutral barium 

fresh S%^°« ^^^^{ Bait ; zinc salt; lead salt, 

urine. J ^««^« j^A. 11. Silver salt ; barium salt. 

From f^y addition of] 
putrid { HtSOo no ?A. III. Silver salt ; barium salt; calcium 

urine. L boiling. J ®*"' 

2. Preparations made specially for the present Research. 

By boiling with I ^ jj g Elementary analyses. 

HfSO. [b. in. 

Before boiling C. I. 
After boiling 1 

with H-SQ* f ^* II- ^ Elementary analyses. 

^^^^' Before boiling D. I. 2 Elementary analyses. Silver salt. 
After boiling f^^* ^' Caloiom salt ; sine salt. 

with HfSOi I ^* ^^' 

^^ l^D. IV. 2 Elementary analyses. Silver 

salt ; barium salt ; zinc salt. 
From the notes on the left it will be seen that uromelanine from 
putrid urine, A. m., and C. I. and D. I. from fresh, were obtained 
without boiling, by the mere addition of acid to the concentrated liquid. 
All the other specimens required boiling of the mixture for their forma- 
tion. The notes to the right of the numbers indicate the analyses and 
combinations to which they were subjected. 

Synopsis of Uromelanates produced for this Research, 

Silver Salts, 

Ag. found. 
13*38 per cent. 
18-56 
20-45 



SjrnopBiB of 
uromelanates. 



Ur. 
I 
2 
3 



Ag. 
1 

3 

5 






Preparation employed. 
A. n., A. IQ. 
D.I. 
D. IV. 



er. 

5 
2 
4 



2 
1 
8 



Barium Salts. 
Safooad. 
7*20 per cent. 
9*06 ,, 
18*28 



99 



D. IV. 

A. I., D.IV. 

A.n., A.m. 





^ 


Calcium Salts. 


^ 


Ur. 


Q 


Gu found. 




5 


: 2 


2'03 i>er c«nl. 


V 


4 


: 3 


4-35 .. 


A. 111. ■ 




: 3 


727 „ 
Zinc 8alU. 




Dr. 


Kn 


Xn found. 




3 


1 


S-SZiwrcdbt. 


'^^H 


5 


: 2 


354 .. 


^ 


2 


1 


4-42 ,. 


D. IV. H 






Lead S-ilt. 


fl 


Br. 


4iJ» 




1, 


H 


3 


: 2 




;ent. 


■ 






elanine.- 


-Prom the analyses ofB 


pi-f paretic 


ms A. I., A. 




. IV. (leaving C. 11. at pi^scM 1 


oat of tl 


le culculaliou 




the two-thirds Imsir silver sittt fl 


tr : Ag . 


= 3 : 5, if H 




elaninG if 


iG.H.NA.. J 




ThMryof 1 




HkB. 


Fnund mean. ^| 




G> . 




}3 


.;7'2i ■ 




H« 




(6 


■ 




N, 




(6 


um ■ 




Q„ Ibu 




i5 


24-17 ■ 










■ ■ 




788 


iL 1 


X> 


lOOOO ■ 


.V,.rm„l 


' fir iieiilrnl rro'nelnniiif-nilT 


.■r..~Pr 


; Ag ^ 1 : 1. A ne.itinl^ 



dilute ■■^cihitioii (if the substance ii 
witiei'-biiili, niul exiractiug ilic salt 
llic urunic'ltiiiine wliich lind become 
menus ol'walcr. This dark brown soliii 
uilr.ali', ihe ])rcci|iiliito coiilracled by h 



oiiipo 



prepared by evaporaliug :i 
ammonia water to iliynesa on tlie 
I'hieh hud remained soluble froiii 
soluble hy the loss of ammonia l)y 
' ■■ ns ]H'ecipilated by silver 

in tlic fluid, wusbed by 
mi, men on the tiller, and dried in the sloara-closet. The 
d bad Ibc composition exprotuied by the foimula GjeHj^AgN,©, ; 
■reforelTr-j-Ag— 11,0, or an atom of water hud left npoo llif 
ion of an atom of hydrogen by one of silver. 



Theory of atoiDs. 


Per Cents. 


Mean found. 


e„ 432 


52-55 


52-41 


H,„ 40 


■i-m 


5-15 


N- 9S 


irs>2 


12-47 



Iloir-loisi,' Silvfi-Hionichnuil,; 


Tr : Afr ; : 2 : 3.— Uromekniue «a. 


di.-solVf.l in ii miiiimum of animoi 


lin. and llic solution digested with .in 


ixce^.H of uromidanine which remn 


ined undissolved. TJie solution »ii> 


now lioilfd for a Imif; time ; as on 


eoolins a .slight deposit ensued the 


Mention was filliwi. It was 1h. 


en inecipitutod witli silver nitralf, 


waslnd anil dried at 100 lo 105 . 


It yielded lS-57 per eent. of Ag, 
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and contamed, therefore, exactly two Ur upon three silver. Or it Afpbiidiz. 

consists of one atom of neutral and one of basic salt. *— ^ 

2 uromelanine — 3H = 1,463 ^ f Ur+Ag On^Leal 

3 silver 324 «.tJr+i-^ IdenHficatkm 

1>787 TTnuUchum. 



Two-thirds basic Silver-urotnelatuUe. — Ur : Ag : : 3 : 5. Some 



uromelanine was dissolved in concentrated ammonia water, and after Silvw-com- 
having been boiled down to one-half was precipitated with silver- ^^ ' 
nitrate. The filtrate and first washing water were colourless, but the ^ '" '^** 
later washings became progressively darker. These dark filtrates, how- 
ever, contained no trace of silver. The preparation contained 20*1 
per cent, of Ag. It was therefore dear that the ammonia could not be 
sufficiently removed from a uromelanine solution by boiling down to 

one-half. A third of the same solution was treated with ^Ba Clt, and 

yielded the neutral barium compound, as if the solution had been 
strongly alkaline. A second preparation was therefore made as follows : 
The uromelanine was dissolved in ammonia and the solution was 
evaporated, not as in the. first preparation only to one-half, but to dry- 
ness. The residue easily dissolved in water, leaving but an insignificant 
quantity of insoluble matter behind. This circumstance pointed to the 
presence of enclosed alkaline salt. The filtered fluid was treated with 
silver-nitrate, and the fiocculent precipitate washed on a filter. The 
first filtrate was colourless, the subsequent washings slightly coloured. 
Its analysis led to the foUowing data : — 

Pentargyric Triuromelanine. 

Atomic Weights. Required in 100. Found mean. 
€,08 1,296 47-40 46-90 

H,« 124 4-53 4-77 

Aga 540 19-75 19-77 

N„ 294 10-75 10-36 

Q^ 480 17-57 18-20 



2,734 10000 100-00 

This result by the following formula 2, 734 — 540 + 5 

3 = 733 

leads to the atomic weight of uromelanine as also determined by other 
analyses. But this silver salt is the firmest basis for that theory, as it 
is very definite, and has been analysed repeatedly regarding its four 
directly determinable elements. The means found correspond in a 
remarkable manner with the requirements of theory. 

Half -acid Bariuni'^romelanate, — Ur : -Ba = 5:2. Ur was dissolved Barimn salt 
in excess of concentrated anmionia, and precipitated by JBa CI,. It was C^'« -^aa-) 
washed during more than a week with nearly 100 portions of water, 
before it became steady and the filtrates were free from ^Ba. 



Theory of Atoms 


in 100. 


Found. 


€,» 2,160 


54-89 


52-96 


H„, 211 


5-36 


S'S 


N» 490 


12-44 


11-88 


Oao 800 






Ba, 274 


6-96 


7-2 



3,935 
20571. f^ 
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Barium salt 
(Ur, JBa). 



Barium salt. 
(Ur4 -Ba^). 



Calcium salt. 
(Ur. Ga,). 



Calcium salt. 



Neutral' Barium' VromelancUe, — U ' -Ba = 2:1. A dilute stronglj^ 

alkaline solution of uix)melanine was treated with barium chloride, 
the precipitate washed with water and di'ied. A second preparation 
was made from the same specimeD by boiling its strouglj alkaline 
solution down to one-half, and then precipitating it by ^Qa Clj. During 
washing the coloured filtrates became darker, and the Sa ceased to be 

contained in them, before uromelanine. The precipitate was washed 
with alcohol, dried, and analysed. 



Theory of Atoms 
Gn 864 

Hs4 84 

Nh 196 

©«> 320 

Sa 137 

1,601 



in 100. 

53 96 

5-24 

12-24 

» 
8-55 



Mean found. 

11-3 
8 -34 



Tribarytic Tetrauromelanine, — Ur : -Ba =4:3, The precipitation 
of this barium salt has to be efiected in a solution containing a minimum 
of ammonia, otherwise the gelatinous precipitate retains ammonia longer 
than the excess of chloride of barium, and the alkali then deoompoiies a 
small quantity of the combination, so that the filtrates which at fiist are 
colourless become darker as the washing proceeds. The first washing 
is therefore best efiected with water containing a little chloride of barium, 
and ultimately the washing is completed with alcohol. The compound 
consists of one molecule of basic and one molecule of neutral urome- 
lanate. 



tJrSa 
tjr Sa 

^^' Sa 
Ur ^ 



^=Gu4 Hiee Saa ^n Q» 



4 X 733 = 2,932 — 6 = 2,926 
4 3Ba = 411 



Molecular weight of compound = 3,337 

This theory derives great support from the constitution of a calcium 
compound to be described lower down. 

Half -acid Calcium-uromelanate, — Ur : Ga : \ 5 \ 2. The ammo- 
niacal solution was made neutral by digesting it with excess of urome- 
lanine, and ader filtration boiling it, and filtering again from a little 

deposit which had formed. Ur 733 x 5 = 3,665 + 2Ga = 80 — 4H 
= 3,741 requires 2* 13 per cent. Ga, found 2 03 per cent. Ga. 

Triealcic Tetrauromelanine, — Ur : Ga = 4:3. In the preparation 
of this salt the same precautions have to be observed which have already 
been mentioned under uromelanine-barium. It has to be washed wita 
water containing chloride of calcium, and ultimately the excess of 



Ur 1 
Ur / 
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hloride has to be removed by alcolioL The compound is exactly Appsinni. 

Analogous to the tribaiytic teti*auromelanine, and its formula is 

^ No. 7. 

Qbl On Chemicat 

I Jdentification 

XJr 1 €a [ =^»" ^»« €^1 N« 0«^ = Mol. W. 3,046. of Diseases, 

Ur jCaJ TAuifteAtciii. 

Tricalcic'diuromclanine^ or Hyperhasic Calcium-uromelanaie, — calciumMlt. 
Ur : Ca : : 2 : 3. The strongly alkaline solution was precipitated with (Ur Qa \ 
^ CI, and diied at 100°. 

1,466 — 6 + 120 = 1,580, requires in 100** Qa 7-59, found 
mean 7*33. I 

Ca>=C7, H«,Ga,N„0». 
€aj 

Acid Zinc'ttromelanate, ar Monozinc Triuromelanine. — Ur : Zn : : Zinc-salt 

5:1. A quantity of tJr was dissolved in ammonia and made neutral C^'a Zn.) 
by boiling for 1^ hours'. The vapour then did not give any fumes with 
the II CI glass rod. Sulphate of zinc was employed for the precipita- 
tion. Analysis yielded 2-82 per cent. Zn, which leads to the following 
theory : — 

3Ur— 2H =2,197 
+ lZn= 65 




1 mol. of compound = 2,262 requiring in 100 2*87 per 
ceni. %n. 

F- jZn] 

Ur J >=G,08H,,,ZnN„O„. 

Ur J 

Normal Zinc-uromelanate. — Ur : Zn : : 2 : 1. Some nromelanine Zinc salt, 
was dissolved in concentrated ammonia and after having been boiled to (tfr, X^). 
drive off the excess of ammonia was precipitated with zinc sulphate. 
The filtrate and first washing water were colourless, but by progressive 
washing the water became darker. As these filtrates contained no zinc 
the washing was arrested and the compound dried. The zinc was 
determined asoxyde by combustion, and found to amount to 4*42 per 
<»nt. Zn. This leads to the formula G71 Hg^ Zn N„ Q^ M.W. 

= 1,529. 

The solution employed in this experiment was one-third of a solution, 
the other third of w^hich yielded the second preparation of normal or 
neutral barium-uromelanate, which contained 8 *03 fia. The last third 
of the solution by treatment with silver-nitrate yielded not a normal 
but a two-thirds basic silver-salt, or pentargyric triuromelanine with 
20* 11 per cent, of Ag, or aitrifle in excess of the theory. 

Half -acid Uromelanate of Zinc. — Qr : Sn : : 5 :2. — ^A preparation Zinc salt, 
was made by adding % SO4 to a filtrate from uromelanate of ammonia (Ur^Znu)* 
which during evaporation had lost ammonia, and deposited a portion 
of its uromelanine in scales. Another preparation was obtained by 
treating the mother liquors from urochrome preparation with lime, ulti- 
mately with Zi CI, to separate creatinine. The crQa&Ei\ii<e-c^!\oxv^<^ ^1 
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ArFEKijix. line deposit was washed, and then disBolved in boiling irater. A 

^ 7 geUlinuus brown precipitate remained undissolved, and vas fonnd lo 

On^f'iiiiW uromelanine-zinc by analjEis. The molecular weight of this salt is 

JdtnfifiratiM 2 S = 130 + 5 Ur — 4 H = 3,661, total = 3,791. This require* 

to Dr ' 3-42 per cetit. Zn. Found 3'54 per cent. 

'"'—'-'-'-- 't may be considered as a compound of two molecules of noutriJ rinc 
lolecule of uromelanine. Thus : — 



LMdnll, 



uroraelanatp and o 



Or }«. 



-one molecule of diz 



c pcnta •uromelanine 



Half-boiic Vramelanate of Learf.— Ur : ^b : : 3 : 2. A solution of 
uromelanine from fresh urinu in ammonia was made, go neutral thataorae 
uromelanine remained nndiasolved. To the clear filtrate neutral 
aeetate of lead waa added. The precipitate was perfect, the filtrate 
colourless. The precipitate was washed until the filtrates were free from 

Molecular weight of this compound : — 
3 Ur — 4 H + 2 4* 



733 



Ur ■ 
Ur . 



h414 



M. W. 



Ur ^ 



=(iiie moleeule of dipluraliic tri-uromelamne. 



TSc Origin and Phi/»ialogical and Palhoioffical Signi^ranee of 

Uromelanine, 
Uromelanine is not as such contained in urine, but is a product of 
the decomposition by pntrefuct ion, or the influence of sulphuric acid 
and time, or sulphuric acid and heat of another eubsUncc c%>ntBine<l in 
it. This orijiinal substance is urochrome, the colowing matter, Whea 
Di'ochrome splits up into ila constituents under the influence of pulre- 
factiou it does not immediately yield uromelanine, but a leas osydised 
substance of light yellow colour, whieJi on exposure to oxygen quickly 
becomes brown ; and during evaporation of the putrid iirine, wliile 
exposed to air, assumes a perfectly black colour, and is in part 
precipitated. 

It is this mclonigcnouH substance together with the carbooale of 
ammonia which gave to putrid urino its value in imiigo-dyeing ; the 
ammonia dissolveil iho indigo, the melanigene reduced it, the Mxtares 
to be dyed were now steeped, and on subsequent exposure to air w- 
Bumed the indigo-blue colour. As 300 pounds of good putrid urin* 
were required to dissolve and reduce one pound of indigo, it ia 
possible to form a rough guess of the quantity of melsnigeno present 
in that quantity of urino, Bupposing melanigene to be Ihe only oxy- 
disable substance present in putrid urine. 

Late researches instituted in the hospital at Prague have made it 

probable that melanigene or melanine are regular ingre<lionts of 

^ melanotic tumours, particuliirly the cancers ofthat 'class. It is true that 

■ the '• melauine," which the Prague observers extracted from the i 



of patiente aufiering from melanotie c&ncer, is notliin^ 
ttrotneianine wliich can be obtained from all arine. 
B*sert to have obtained the same aubetancc fVom the li 
a remarkable inquirj is opened. 

In his analyses of the pigment of tho choroidea, Schcrer had found 
results which it ib interesting to compare with those yielded by 
nromelanine. 
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The composition of melanine is, therefore, very similar to that of IJr. 
OS found, and more so to that calculated from its compounds. 

Rosow, however, at a later period found in the pigment of the choroideo, 
einlz in pigment finm melanotic tumour — 

FignuiDl of choroidea. Alelanine of tn 

G S40 G 53-44 



H 
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As Bosow did not auiJyse a pure preparation, we cannot attribute the 
same Taluc to his analy?<e3 an to those of Suherer. 

As the most general result of these new reseiirches we make the Ummelattiaft 
BCiiuaiutance of one of the most interesting anil remarkable compounds '*1>t remark-* 
in the whole range of organic chemistry. The distinction here claimed "°* 
belongs to u(omelaniiie in the first instance, by reason of ita atomic 
weight, which is 733. There are but very few organic substances which 
attain so high a number of carbon atoms as 36, and still fewer which 
combine with that number, besides hydrogen and oxygen, seven atoms of 
nitrogen. Utvmelaoine is u very stable body compared to any compound 
of simitar atomic pretensions, and combines readily in a great variety of 
proportions with very different bases. Its derivntes of a substitutive or 
otherwise mctamorphic quulily promise to be very great in uumber, 
and invite the chemist to attentive study. But by far the greatest 
interest attaches to uromelanine as an animal matter, and particularly ba 
that animal product which amongst all decomposition products of 
excretory substances of the animal economy occupies by ita atomic 
weight and complicated constitution the highest place. Another element Ucomchniim 
of the impoTtance claimed for tliis substance is the circumstance thiit it ^"^ '^» *>< 
affords an imperturbable baais for the operations which animal chemistry *''"'y'''8 

ill have to undertake ia order to determine the nature, composition, 
and atomic weight of tho colouring matter of urine. This latter must 
necessarily have a higher atomic weight than 733, and possess a consti- 
tution of singular complication and variety as regards the nuclei or 
radicals contiuned b it. Then if our ideas about the nature of excre- 
tory substances are correct in their application to urochromo uo leas 
than to uric ucid, we are driven to the assumption that as uric acid is a 
derivate of albumen, so urochrome is a dorivate of a constituent of the Drochroine 
blood of much higher atomic complication than albumen, and as such ptwaibljdrf 
we could claim only one material, namely, the most characteristic ingre- "■"" on»™ 
dient of tlie blood corpuscles, or hematocrystaliine, the ciystalliaable 
compound which umy be split up into an albuminous body and into 
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heinatine. We thus mrty obtain, probably, a^new meaas of estimating' 
the effects of the febrile process upon the or^n of oxygenatton, tlis 
blood-diak, or its ally, the myochronie or red colouring matter of the 
niuBclcB. But we ulso obtain by a direct procees of reasoning a new 
insight into the chemical proce^Bcs of life altogether. If uromelanine 
is of atomic weight 733, its preenrsor urochrome could not be a derivale 
of albumen with atomic weight 1,612, or of fibrinewith atomic weight 
2,200, but would have to be derived from a compound of much higher 
chemical constitution. This could not be hemaline, but solely hemato- 
crys!alline, to which we now begin to attribute ihe importance of being 
a chemical compound of about 13,000 atomic weight. Hilherto we had 
been taught that the animal wbb not a ehcmical machine with a synthe- 
tical tendency of higher aim than the production of fat or wax from 
sugar aud starch. It was believed to receive all its materials, its albumen, 
cascine, cerebric acid, in a ready-made condition from the plant ; no 
doubt it organized them in the shape of tissues, but it was believed 
incapable of chemical synthesis of a high order. We phall now have to 
change these views completely. The highest atomic weight produced 
in the plant is about 2,2(K>, the highest atomic weight produced in the 
animal is about 13,000. The complication of the material of Ihe most 
developed chemical machine of the animal is six times greater than the 
most complicated moteiial produced in the vegetable economy. 

Paramelanine. 
As in spectroscopic analysis of inorganic matters light shoots 'jp here 
and there for an instant, marking the presence of a minute amount of 
- some matter or other, eo iu general analysis a few collateral products 
nine yields* are met with which indicato their own csisteuee, but at the some time 
the ipectruiii of ^ geneiio coherence of the matters under investigation. While urome- 
lanine preserves no reminiscence in its optical characters of the 
hematinc to which it has such particular similarity by its stability and high 
atomic weight, there is accompanying it a small amount of a substance, 
which when treated with sulphuric acid yields the spectrum of 
cruentino. 

This body I term paramelanine. It was obtained in the iollowing 
manner. Uromelanine, after reparation from the prodncts soluble in 
alcohol, was dissolved in potash aud re -precipitated by sulphuric acid. It 
was washed with water, lastly with alcohol. These alcoholic solutions 
had stood a long time and deposited a black matter. This was found 
to have become insoluble in ammonia. Dissolved iu cohccnlrai^ d 
sulphuric acid it showed a spectrum with two bunds. 

1. 142 °6'— 141''o4'=0' 12' 

2. 14l°45'-Hl=15'=0°30' 



Diagram of Sulphate of Paramelanine spectmm. 






FUamelanine. 




The two bands are therefore of the same breadth as those of cmentine> 
sulphate, but they are situated 0° 12' more towards the violet. Ob 
addition of water the solution remains clear, and the dilute liqaorretmnf 
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tibe buids. It baa not yet been piwsible to cause tbis body to tmde^o Apbxmsix. 
the transformation B of cruentine, as its quantity is too atnall in comparison 
with the impuntiea with which it ia mixed. What little con be extractad 
irom the original residue by ammonia exhibits no bands. 

Omieholine and Omickolie Acid, 
Conjointly with uromelfmine and panuoelaaine there are obtained from 
nrine by the cbcmolytic proceas other bodies, of which nropittine shows ~~'~ 

no particular Bpcctral phenomena. The more remarkable uv the spectral 
phenomena of omieholine and omicboHc acid. 

Omieholine is a part of the rcEinous product which is soluble in Omioholin*. 
alcohol and ether. It ia insoluble in ammonia, and does not combine 
with bases. It dissolves a little in boiling water. It is exceedingly 
diffioult to obtttin it pure. Many analyses of aevcral specimens have 
led to ui averafe empiricid formula Q^i H^ XOi. It has a powerful 
odour, most apparent on heating, and when a little only is burned fills 
the rocm widi the peculiar odour of burned urine. Its solution in 
ether has a Ane ruby red colour, and shows a band in groen, 141° 42'— 
I4I*I2'=ff' 30". Near to it in green there is a shading. What ought 
to he the blue part of the spectrum is strikingly violet. This pecu- 
liarity indicates the fluorescent character of the matter which we ac- 
cordingly discover. In the sun-cone the red solution fluoresces green, 
thus oaring the reverse of the phenomena of chlorophyll, which i:^ 
green and fluoresces red. 

Diagraat of Spectrum of OmieluMne, 



AaBC D 



HK' 



The general impresaiou of this spectrum (see Plate IV. fig. 1) is 
that it consbts of three parts, of which the red and yellow are very 
light; then fallows the green port with the band, and lastly a violet end 
without any blue. 

Omicholic acid is that part of the resinous products soluble in Omicholie acid, 
alcohol which is soluble in ammonia, and thereby separated from omi- 
eholine. It is very similar to omichoUne, and one is probably derived 
from or closely related to the other, although thoy differ very much 
in chemical compoBition. For the average of many analyses of omi- 
cholic acid has led to the empirical formula G^ Hg NO,. The ether- 
solution of omicholic ncid has a bond in green, 141° 36' — 141° 18' = 
ff-lS' 

Diagram of Speefrum of Omicholic Acid. 



I 




The bine part of the spectrum (see Plate IV. fig. 2} is coloured violet. 
The entire Bpectrum makes the impression of being divided inbi two v'A:^ 



IPEKDis. by t^» ^'^^' """^ ^C'"? ^"7 •'?*'*' *''* °'''^'' ■''"^y ""^ containing only 
little violet instead of tlue. The ctlorofoim uolution has the sanir spist- 
Sa. T. tnnn, but the second [mrt is almost entirely obscured. The wumoniiicsl 
Oft C^fMiVa/ Bolotion of omicholie acid has no bandit in the apeclrum. OmichoUc 
Hnwificafim ^jj j^ ^.^^ ^^ fluoresces green, but tbeic are slight clifferetwes in ils 
Im Dr ' phenomena from those of omicholinc. 
~ ' m. In order to exhibit the ditTerenccB of the spectra of these sabatanceH 
from those of choleraio urombine and urocyanine (see Plate III. BgK 
2 and 3), I subjoin diagrams of the latter : — 



Diagram of Sfitrnin oj Cholrr 
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Determination of the Quantity of Uromclaiiine nbtniii uhU from 
healthy Urine, 
The whole amount of urine passed l\v a. healthy man in 24 hour^ 
a amounting to 2,072 cubic centimelrcH, was evaporated In a syrnpy cou- 
sistency, and then some dilute sulphuric ai^id added to it. After 
24 hours' standing the precipitate was separated, nnd found to consist of 
nric and hippuric acid, coloured brown by a little colouring mattiY. 
The filtrate was mixed with a little more sulphuric acid and diatilled 
on the sand'batb. The first portion of distillate had a [Mnetrattn^ 
odour, and was yellow ; over night it became darker. The later 
distillates! were almost colourles!i, and remained unaltered, llie flnid 
in the retort was filtered from the fonned deposit, the latter washed. 
and extracted with alcohol. What remained insoluble, ni'omelaaine, 
was dried at 105°, and found to amount to 0*731o grammes. The 
alcoholic extract, containing omicholine, omi<:holic acid, and urujuttinO 
after evaporation of the alcohol, amounted to 0'34T2 grammes. 

This being the first attempt to dclerniine the physiological qniuititiefl 

ingredients of urine which yield uromelaninef it woulil be 

lions. It is remarkable that the ([iiantity of 

ini a day's urine is about equal to iliot of tTiC 

iverage under similar conditions. 



of the J 
hazardous to state eoncIuH 
uromelanine obtained f'rn 
uric acid excreted o 



Uromelanine, SfC, in a caie of Tropttal Fewr. 

A gentleman, a coffee planter from the south of India, was oblige^ 

by unceasing attacks of fever to return to England. Ho arrived 
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emaciated, with a jellow raloured ttVm peculiar io the sDbjccts of 
trupicul fever. His longue wits mut-h furred ; the liver 
greatly enlarged that the piiilinbility of its containing an abscess bail 
beet) si^f'steil. The urine was of a deep red colour, aud depoeited 
urates. The urine from two dnys was subjected to the cheo 
pi-oce>^8 described in [he foregoing. During boiling of the prodi 
alcohol a tumuli (|uautil_v was lost by bumping, the quantities found by 
weight are therefore only approximBtively correct, but can be 






Urotnebnioe found 
or per 24 hours ■ 

Uropittine and oniicholin 
or per 24 hours - 



- 0'291^ grammes. 

- 0- 14.575 „ 

- 01242 

- 0-0fi2l 



The products soluble in alcohol Bland iherefiire to Ihi- uromolaniuc In 
the same relation of quantity as in llie healthy urine. The lotid quan- 
tity of pr^iducls was certainly less than from liealihy urine, although 
the actual r.mounl, oving In the accidental loss, cannot be accurately 

Thie urine yielded no uric acid whatever, and the filtrate from the 
uromelnnine was unusually dark, as if it contained an abnormal colour* 

ing mutter in solution. 



vm. — Studies oi- the Uuine ik Moubus Addisonu, 




rvaul at the Shorlaue workbonae, 
Hospital, under Dr. Sanderson, 



A woman, J. 71, fonnerly a » 
was admiiteil into the Jliddlese 
September 16th, 18G7.* 

Famiti/ kitUiry. — Father diod of heuioiThoidM at the age of 40, mother 
of dibeased heurt at 60. One brother met with hi» death accidentally, 
another died of some clieet nfiection, and a sister, biIU living, enjoys 
good health. 

Prcviaai hiftory. — When 14 ycurs of age hod typhus. Was bom in 
Srotlaud, but for the Insi six years has lived in London, and has been 
subject to oveaslonnl catanh with cough, but without expectoration. 
Her patella was once frncturcil, and she says that three years ago she 
strained her back while turning u mangle, causing lameness for a time, 
and being followed by pain in mid-dorsal region, which lasted some 
two or three months. In July lS6ti she fell downstairs, had hcmo- 
pliyeis two or three days after, and felt pain in the back fur a week or 
10 daye. 

Ilittory of pretent iUiieu. — About a year ago caught cold, which 
lasted some four months, after whicii felt weak, drowsy, and languid, 
symptoms which appear to have been gi'adu ally coming on from the timo 
she tirst look cold, for she slates that six weeks after her present illness 
comraeuced she had nausea and vomiting which lasted fur tliree months 
without iuterceesion, but these symptoms were accompanied with, aud 
also preceded by, much Jnnguor and drowsiness. 

After three months of continuous sickness, two months elapsed, 
during which patient did not vomit at all, but the general weakness 
with drowsinPM and languor still ronlinuod ; moreover, gradually 
increasing palpitation after slight exciting causes was now for the first 

* My thanks arc due to Dr. SandenoD for kindl}' baviDg afforded mc opportunities 
of obfitrrirg tbis remarkable case, and lo Dr. Kiag, resident physician Co the MLiidJesi.'X 
Hoipilal for the great care antl regularity with vhlch he transmitted to mc tbe dally 
' " -'is case, and the specimenl of excretloas labmitted to aoalviis. 
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time noticed. The nausea and Tomiting tiion relnmed, nrxA laal^ about 
seven weeks, during wbich time there wiis eicknesB aflcr food regularlj' 
once or twice a dny. At this tirae also she complained of pain in tu 
knees and ankles, hut nowhere else. 

Th?re ft'llowod a period of entire freedom from nausea and vomiting", 
which lasted till two weeks before her admission, neTerlhelass sho 
always felt tired and sleepy. Patient gave np work in AugBSl 1S66, but. 
took another place for a roupie of months, which she resigned owing to. 
present illness. She has lately been spending her time at Hammer 
smith for the benefit of her health. A foi'tniffht ugo aiukness reconi- 
menced, but lasted one day only. There has been some dyspntea oa 
exertion for the last seven monthx. Cataraenia are regular but scanty 
and pale. Patient first observed that she was getting darker about 
three months ago, and some sis weeks before tliat thought elie was 
slightly jaundiced, as there was a yellowish tinge about the fitce. 

State on admistian. — Pulse, 84 ; resp. tranquil ; B. confined, elooI» 
somewhat hard ; mucous membranes of hard palate discoloured and 
darkened. Skin of face, neck, and hands of a dark olive brown colour ; 
that of trunk and lower extremities discoloured in a less degree i 
beneath the chin and at the left side of the neck a few tnorbidly whilo 
patches may be observed. No pain or tenderness in hypochondria or 
loins. Hepatic dulness normal. 

Phyi. ngns. — There is impaired resonance of the right supnt. 
scapular fossa. It is also doubtfully defective below either clavicle^ 
where expiratory murmur is somewhat harsh, and heart sounds are 
abnormally distinct, but no moist rales are audible. At the bases partial 
resonance extends dowRwai-ds to level of 1 1 th fpina j and in tracing tb» 
limit of resonance forwards it is found to extend iipintrds and forwarda 
from the outer edge of the scapula as far as the axillary Une, then 
it turns downwards and forwards towards the proicordia. Sub-tubular 
breathing with crackles in dull region. Heart sounds fe«ble, with • 
faint soft systolic bruit at 4th left costal cartilage. 

Sept. 26th.— Slept well last niifht. and did not vomit till after breakfuC this 
morning, and then only Ut a ainall extent. B. regularly open. 

Sept. 27th.^ — The vomiting returned daring the night, and there vta some 
sickness after breakfast, but none since dinner. P. f2. Tongue clear, »ora> 
coolness of e.itremities and drowsiness. 

Sept. 2t*th. — ^Wss very sick during the night, 

'29th.— No sickness since yesterday morning. B. not open for three dayE.aipHt 
languid and liatless, evidently does not like to be disturbed, but answers quO' 
tions correctly. P. ?8, very thready and feeble, 

3()th. — Vomited a httle after tea and supper last ei'ening, and again aftar 
breakfiwt this morning; slept well) P. 70; still complains of tendeme>s and 
pressure over lower dorsal and upper lumbar spinss ; B. not yet open. 

Oct. 2nd. — Vomited scarcely at nil vesterday, end passed a tolerably good 
night. Complains of some vertigo this morning. P. 7"- 

3rd. — Slppt fiiirly, and complains of feeling very drowsy to-dayt has again 
had severe vomitiiij^. B. regularly open. 

4th. — Vomited about Oj. of watery fluid during night. 

7th.— Until last evening patient had enjoyed 36 hours freedom from 
nausea and vomiting i these symptoms returned, however, last night, and 
there has been some slight sickness this morning. P. 76. 

10th. — Was sick again during the night, the I'omittcd matters contai 
a small quantity of blood. P. f2. 

Hth.— Yesterday morning patient coughed up a litUe blood which 
quite bright in colour. Brandy Jig, 

18th. — No sanguinoua excretions yesterday, but agtun to-day to the 
of about lij. 





—Vomits bloody mucus dailjr, uioally before breakfut. Bits her 
chop with relish. B. regalitr, if anything confitieil. 

iMth.— Pt. 

2"th. — Becnme worse again two dnj-s ago, and yesterday mominjt fancied 
the saw rats on her bed ; indeed she still iinHgiDes she sees lliem 
ibuut ; has been vei^ sick this momini^, and vomited blood as prrriouaijr. 
I Brandy ivi. 

28ih,^Patient continues in much the same state. P, S?. 

- p.m. P. 80. Surface cold, pupils small ; some squinting still con- 
tinueF. and patient is incoherent and restless as before. 

Slst.^Continued hett«r till yesterday at 3.30, when faiotDess came on 
and tliB brestliing cot rapid, lliii eondilion lasted about a qusrtei of an 
hour, waa preceoea by fiuntneas and followed by increasird talkativeness. 
During the ni^ht patient slept quietly, but at 7 a.m. complained of pain in 
the bead, which was followed by faintness and hurried respiration. Breath- 
ing is now 28, P. 88, and very small; has vomited her egg. Tongue pale 
and bare, but tolerably moist. During examination the breathing became 
voluminous and rapid, B. regularly open. Strabismus continues at intervals. 

Nov. 6th. — Since last report has gradually become less Klkative, but still 
refers to some of her delusions, f,g., that she has received presents from 
royalty, Jtc. .\ppetite has improvod ; there is still some squinting at times, 
but not BO much. B- regular, no vomiting for the last few days. P. 80: 
S..J6. 

15th. — Went on well from Ust report up to November 12th, when she com- 
plained of EtiCFness in all her joints, and began to squint again. Yesterday 
morning the catamenia appeared iind pniicnt was quite rationnl till 1 1 o'clock, 
but refused her food and afterwards became talkative and incoherent. For the 
bst week she has had profuse discharge from the I'agina. Last evening patient 
was quieter, but this morning she again became telkalive and moreover ditean- 
ttmM. P. 7-. pupils contracted, some internal strabismus, says she wants to 
leave and refuses to put out her tongue j on the whole has much the same 
deUriura as before, but is unusually ill-natured. Has G oe. brandy daily and 
takes her food well. B. regular. 

Nov. 26th.-P. 80, B. ;iO to 36, very irregular sa regards extent, modus 
altered, inspiration and e.tpiration equal with much upper sternal movement. 
Vomits considerably, vomited matter not tenacious, but occasionally streaked 
with blood ; yesterday morning blood alone was brought up. 1'. natural, slight 
internal strabismus still remains, pupils slightly but equally contittcted, na 
wandering, and patient tekes her food pretty well. 

Dec. 2nd.— P. B9, R. 2fi, verv shallow ; B. not open for two or three days. 
Vomited as usual last night and agun after breukrast this morning, but nut 
after dinner. Matters vomited abundant and like coffee grounds, not bloody. 
Brandy j IV. Bept. Pil. podnphyL 

Doe. 9th. — During the past week there htus betn a little wandering and 
patient has complained of sorethroat. It is noticeable that there are now soma 
pule hiura among the black ones. There is a laryngeal tenJcmess and no 
tonsillitis. Compluns of increased feebleness ana sacrul pain. Catamenia, 
did not appear at their proper time (viz., a week ago] and patient suffers from 
leucorrhcea. 

January 7th, 1868. — 10 a.m. Patient usually vomits once or twice a day, but 
the amount as well as the frequency varies greatly. B. somewhat confined. 
Tongue clear, appetite tolerably good. Conaidemble prostration is complained 
of, but there is no ftuntness now. P. 88, R. 36. T. 96, Urine rather thick, 
slightly opaline after boiling, and is not entirely cleared by NO, II. Since 
last evening 7 o'clock 26 ox. have been passed, 

Onthis day I carefully examined (be patient, and arranged for the collection 
and transmission of the specimen of urine, which in the following record are 
numbered from 1 to 1'2. 

1.— Jan, 8th, 1868.— From 10a,m, yesterday till lOam, to-day the bowels have 
not acted, and 21 oz. of urine have been passed, sp. gr. 1,016, strongly acid in 

Inaction, and somewhat cloudy in appearance, whicli latter character is not 
entirely removed by heat and H NOt, On microscopical examination a few 
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I Jirranta. scales of epithelium from the uriDiiiy p&ssBgee were obserred, toitether 

' numerous multinuclou- cells poasessing the physical characters of pu». 

No. T. Pulae »i. Resp. 40. Temp. 96-6. Reipintions are somewlmt irrt 

On Chaoical and patient complains of much shortness of breath, but there h&s been no 

Idnlificabim of the vomitinjf since yesterday's repgrt. 
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9th. 1868. — Was verj faint at times yesterday and vomited frequentljrj 
Feels somewhat better this morninR but still complains of sliortiiess of btvBto^ 
fi. have acted once since la.it report, motion natural. Breath rather offensive. 
Urine acid. ip. gr. ],019,stiU somewhat thick and cloudy, an appeaniaceirhich 
is not entirely removed by heat and H NO. <t3 oi. have been passed fram 
10 a.m. yesterday till 10 a.m. to-day. P. US. R. 36-40. T. 98-2. 

3.— Jan. 10th, 1868. — Did not sleep well during the night, but breath is no4 , 
so abort, and patient feels altoKcther better. The B. have not acted, ntjr bu i 
there been any vomiting since last report. 

6.— Jon. 13th, I t<6S.— Slept well, and feels aomen-hat stronger this morai 
Breath not quite so short, extremities rather cold, no return of vomitinji. 
bare not acted since last report. Urine acid, still cloudy in appearance, and nfl^ 
entirely cleared by heat and H NO - sp. gr. 1,020; 24 oz. passed fi<Dm 10a.itf 
yesterday till lit a.m. to-day. P. »4. R. 40-14. Temp. 97-2. 

14. — Jan. I5th, 18GH. — Slejit well and feels better to-day ; some vomiting afla 1 
supper last evening, and agam after break Atst this morning. B. open last nigb^ 1 
motion hard and mixed with a small quantity uf blood. Urine uiialliTed is '' 
choTBcter, acid, sp. gr. 1,017, cleared by heat nnd HN6>; 26 os. pas^ 
fhim 10 a.m. yesterday tiU 10 o.ra. to-day. P. 92. R. 36-10. T. W. 

9. — Jan. 16th, 1868. — Slept liadly, owing (she sayi) to shortness of hrwtfb. 
Vomited a little last evening. B. have not acted since laat report, Oomplaini 
of frontal headache with pains in bmba. Some nausea after breskfsst (his 
moniing, but no vomiting, faintneas, or vertigo. Uriiie acid, sp. gr. 1,0:^1, stifl 
cloudy in appearance, and slightly opaline after heat and H-VOi; 22 oi. passed 
from 10 a.m. yesterday tiU 10 a.m. tiMlay. P. 88. R 44-^8. Temp. 9;-4. 

10.— Jan. 17th, 1869. — Slept well, vomited a little laat evening nnd w»« 
veiT short of breath, but feels much better this morning. B. open yeaterdaj, 
ana motion contained a small quantity of blood. Urine acid, Sp, gr. 1,C60, 
cleared by heat and H N O, ; 21 oz. passed from 10 a.m. yesterday till 
10 a.m. to-day. Examined microsoopicalljr it Js found to contain a number 
of the same kind of puriform bodies noticed on the last occasion, together 
with epithelial cells of almost every wite and shape; nothing at all teiwnbliiig 
a renal cast was observed. P. 84 ; R.36( T.9;-4. 

\5. — Jan. 22nd, 1868. — Did not sleep well as limbs appear to be morepcunfiil 
during the night. No return of vomiting, and patient says she feels much 
better this morning. B. have acted once since lost report, and a ^ood deal rf 
blood ivas passed with the motion. Patient generally compluns of headseliF 
and vertigo towords evening. Urine still cloudy, acid, sp. gr. 1,017. Opaks- 
cence slightly if at all affected by boiling, anil not wholly removed by ihe 
subsequent addition of nitric acia; 24 oz. passed from 10 a.m. yeatenJay till 
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e slightly if at all affected by boiling, s 
:quent addition of nitric acia; 24 oz. pa 
m. to-day. P.88i R.40; temp. 98 "6. 



. 23rd. — Slept well and is quite free from pain in limb* . 
elsewhere this morning ; no rerum of vomiting ; B. have not acted sine* U« 
report. Urine acid, ap.gr. 1,020; general appearance as before, but cWrcd 
by heat and H NO, ; 27 ox. passed from 10 a.m. yeslwday till 10 a.iu. 
to-day. P. 84 ; R. 32, more regular ; temp. 98 '4. 

22. — Jan. 29th. — Slept well ; no return of vomiting, vertigo, or faint- 
ness, though still complaining of pain in limbs, especially at night- B. acted 
last evening j motion natural, and free from blood. Urine acid, sp, gr. 
I.Ol'O ; somewhat opalescent after heat and H NO, ; 33 oz, pasaed ftom 
10 a.m. yesterday tiU 10 a.m. to-day. P. 88 ; B. 32-36 ; temp. 98. 

23.^ Jan. 30th,— Slept well; no return of sickness, vertigo, or &int- 
ncsa; B. have not acted since Ust report; patient says she feels lietttf, 
being fiee from headache, though still complaining of pains in limbs. Urine 
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1,015, rieurcd by heat and H NO, ; 16 oz. passed iliirina the Ai-pk.i 
ing- 10 a.m. this inorninK- P. fO; K. 32; temp. HS. ~ 

31st.— Did not rest so well last night. owinE to pBins in limbs ^'t?: 
Bnd jiiickinK sensation at prteconlia. which still continues; no return of yv I'lLaa^ 
Tomiting, vertigo, or faintness. B. open thii tnorninu, and some blood was o/flMea^T 
pused with the motion. l.'rine acia. sp. gr., I.IKO; some cloudiness after 6»^V^ 
teat and H NO^ ; 29 oz. have been passed from 10 a.m. yesttTdfty till 10 a.m. 73u£dbM, 
to-dav. Hands are not so cold as usual ; tongue clean ; appetite tolerably good. — 

P.9-2; R.36-10; T.98-4. 

2!*. — Feb. 5th. — Did not sleep so well, owinu to pain in left leg and 
ankle, no sickness, but patient says she felt faint and spady last evening, mth 
increased shortness of breath, which lasted the grcaterputof the ni^ht. B. open 
this mominK, and a small <]uaiitity of blood was passed with motion. '25 oz. 
of urine have been passed during the 24 houn ending 10 a.m. tO'day. P. S8, 
R. 4S. 'I'einp. 974. 

30. — Ffib. 6th. — Slept well, no sickness, faintness, &c., but stiil complains 
of constant pain in limbs, especially left leg and ankle. B. open thia morning, 
motion slightly tinged with blood. Urine acid, sp, gr. 1,020. 26 ok. pused 
during the 24 hours ending 10 a.m. to-day. P. tW. R. 36. T. 96-2. 

31. — Feb. 7th.^SIept tolerably well, and has had no return of sickness 
OT vertigo, but felt a little fuint last evening, pains in Ijmbs still continue. B. 
acted tills iiiominj(, and motion is slightly intermixed with blood. Urine acid, 
■p. gr. 1,0|.'). tolerably clear after heat and HNO>; 16 oz. passed from 10 a.m. 
yesterday till 10 a.m. to-day. P. 82. R. 28-32. Temp. !»8-4. 

32,— Feh. Htb.— Did not sleep quite so well, but complains chiefly of 
pun in limbs. B. open this roorninii, and motion mixed with blood. Urine aoid, 
■p. gr. 1,019, quite clear after heat and H NOi ; 37 oz. passed Irom 10 a.m. 
ye«terdaytiU 10 a.m. to-day. P. 84. R. 40. Temp. 97. 

33.— Feb, 9th.— Slejrt tolerably well, slill complaining of pain in limbs, 
especially legs and ankles, which are considerably swollen, biit do not " pit on 
pressure." B. not open since yesterday morning. Urine clear after heat and 
H NO,: sp. gr. 1.020, acid, only 7 o«. passed from 10 a.m. yesterday till 10 a.m, 
to-day. P. 80. R. 33. T. 97-2, 

'IS. — Feb. 14th. — Did not sleep quite so well, but says she feels better 
this morning. B. open last evening. Motion mixed with blood ; no vertigo or 
faintness, but patient vomited once yesterday. Urine acid, sp. gr. 1,012 
cleared by heat and H NO, ; 17 oz. passed during 24 hours ending 10a.m, 
to-day. P. «a,R. 36-10, Temp. 97-6. 

39. — Feb. 15th.— Slept well; no return of vomiting, vertigo, or faint- 
ness. Still complains of pain at back of neck and in legs, ankles remain 
swollen. B. not open since last report ; jiatimt appears to ht less ilisFohurat 
than she waa some few weeks back. Urine acid. sp. gr. 1,021, clear after heat 
and H NO, ; 12 oz. passed. P. 80, R. 32, T. 97. 

40. — Feb. llith. — Feels much better; had a good night's sleep; was 
fUnt for about an hour ycstcrdajr afternoon; no vomiting orheadacne; legs 
and ankles still swollen and painful. B. open this morning; no blood to 
motion. Urine acid, sp. gr. 1.020. no albumen, 24 oz. passed. P. 89, R. 40, 
T. 98. 

41,— Feb. 17th. — Vomited several times last evening and ones again 
this morning, but slept fairly and docs not feel any the worse, B. not open 
uncelact report; no vertigo or faintness. Urine acid, 1,024, clear after heat 
Mid H NO. ; 12 oz. passed Avm 10 a.m. yesterday till 10 B,m. to-day ; P. 80, 
R. 36, T. 96-9. 

42.— Feb. 13th.— Did not sleep during the ni^ht ; vomited two or three 
times this morning, and complains of severe pain in limbs and at back of neck. 
B. not open since last report. Urine acid, sp. (jr. 1,024, clear after beat and 
H NO. I U oz. passed. P. 88, R. 44, Temp. 9(i. 

Feb. 23pd, — Yesterday evening commenced vomiting, which continued during 
night. Boweb open three times after aperient. No urine saved. Very littls 
sleep during night. 
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employed ; to all otherB snlphorio acid was eiven. After 24 hou 
slaniling a depoEit of a reddteh bi-own or violet coloar bad collecte 
which wiw Heparated by fiitratioD and washed imtil free froi 
This deposit iiever showed any appearance of cryBtals, bo that if | 
coatuiued any uric acid this must liave been present in an nmorphoi 
state, Tlie precipitate was first estracted with alcohol as Ion 
Hgent removed any coloured ingi'edientB ; the residue was thus f 
fi'om hippuric acid and omicholiDe and ui'opitti&e, whicli, if preeent 
must have been contained in the alcoholic milution. The residue w 
next extracted with dilnle ammonia, in order la remove wiy uromelanine.'" 
Some brown matter was extracted, but found not to bo nromelonine. 
The extract was qnitej'ree from uric acid. The residue left undiesolrad 
by ammonia was now treated with caustic potanh to extract «iy urie 
acid. None could over be obtained by the analysis of the urine of ■■ 
single day, or of the combined urine of three or six days. The whd^^ 
of the precipilAtes ohtuiued fi-om the whole of the urine from IS entiT| 
days had to lie united in order to olitain an unequivocal proof of t 
pi-esence of uric acid ; but the quantity which could be precipitated It 
acetic acid from the potash solution wa* only just Iwge enou^ to s< 
for a inicroauopieal test and a reaction with nitric acid. Lt was 
feasible to weigh wlmt remained as it wiis bo small a quantity. 

The urines Nos. 13 to 24 inclusive were treated like the first doM 
8])ecimeua, the whole of the quantities being always employed, 
trace of uric acid was found. 

Nos, 2a to 36 similai-ly treated gave no evidence whatever of 
presence of uric aciii Nos, 37 to 48 also contained no trace of arid 
acid. The ammoniacol and alcoholic extracts were in each ca«a 1 
examined for uric acid, but as was to be expected were found quite frea J 
from it. 

The acid liquid which had been filtered fVom the precipitate wm 

By clicmolysin a considerable precipitate w.t) produced, which was 
isolated on the filler and washed. It appeared granular, and not 
resinous or semi-fluid. It was extracted with alcohol, which removed 
uropittint^ and omicholine, and left uromelanine behind on the filter. 
The latter was dried and weighed. The uropittine and omicholine 
were obtained by evaporation of (he nlcoliol, dried in walch glasses, and 
weighed logether. The qunntitie^ of uroraeiiuiine and uropittine and 
omicholine obtained ni-c slated in the following table : — , 
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period of 36 days the uriue contnined no uric acid whatever. 3. B; 
cbemoljeia the urine yieldfd qaanliliea of uromeluiine, which amounted 
lo about one-twelfth part of the quantity obUiined from the urine of 
bealthy peraotiB during equal times. 4. The mattCTB soluble in alcohol 
.(omicholino and iiropiitinu) obtained by cheroolysis are far below the 
'^omiftl ([uantitieB, and do not Btnnd in any uniform ratio to the uro- 
lelanine, the first 12 daye yielding more matters soluble in alcohol 
,ihan uromeUnine, while the three periods of 12 days each which follow 
^cld only about a. third of the weight of the uromohuiiue in matters 
soluble in alcohol. If Ihi; fiict of the irrationality of the quantity of 
tbe^ products should be well established, it would show that uromelanine 
on the one hand, and uropittine and omiehoUne on the other, cannot 
be derived from one and the same subBtance (urochfOnre). I hesitate, 
however, in forming that concluBion, beeaaee 1 suspect that uropittine is 
capable of transformation inio uromulanine. and in that case the 
apparent irrationality of the results uf ihu tir»t 12 daye might disappear 
on subsequent sepaiate determtnaliou of the omidiuline and omicholic 
Mid. 

Tlie above history of the ease leads to some remarkable conclusions, 
which it is desirable to point out. 1. The brown deposit In the skin is 
the varying balance of a current account. It may increase or decrease. 
It deiTeased in the above case during two distinct periods. 2. The 
■Origin of iho coloured matter is to be sought in the hematocrystalline, 
*hich while in the blood corpuscles undergoes a change unfitting the 
blood to pass through the capillaries. Hence the many hemorrhages 
Knd secretions on the one hand, the swellings aud nervous symptoms on 
the other, and the deposits in the periphery, which become changed 
mainly under the influence of light. The further analysis of this case, 
*nd of similar ones, miist bo the work of a future time. 



IX. — Calocu AKieiHo Uf THE Ubdi&bt Bladder in Ttphus. 
The relaxatioii of the striated muscles which takes place in typhus 
"Aver frequently causes, particularly in old persons, great distension of 
^^a urinary bladder. Thl') distension is not rarely overlooked, as there 
if no impediment to the flow of urine. It ia also accompanied with 
4nvolnntaiy passing of the urine, particularly in young persons. In 
children I hare seen it pass into retention, with deposits forming in 
the bladiler. It is most frequent amongst men in the later periods 
of life. The retention does not, bo long as the urine has the acid 
concentrated character of the febrile stage, produce any phosphatic 
deposils; but during the annmtc state of recovery ammoniacal decom- 
position takes place, mucus is secreted, phosphates are deposited, and 
calculi are formed, which increase rapidly, and if not removed by 
Operation cause kidney disease and death. The calculi under cousider- 
atioD, four in number, came from such a case. They luwl the siae of 
walnuts, were white, hard, and contained each a cavity of the eiae of 
m pea in their interior. The cavities were empty when observed, which 
^TM after the calculi had been dry for some time. There is little doubt 
that the contents of these cavities were originally mucus, upon which 
f(he outer matter had been deposited. The mucus drying up left the 
Mvities, 

Analgtis of one of the Calculi, — The finely powdered stono was Anidyiis 
Almost enturely soluble in dilnto hydrochloric acid, the solution being of ibe calculi, 
pnly slightly opalescent. The filtered solution gavo on addition of 
junmoitia a precipitato easily soluble in dilute acetic acid. On addition 
of oxalate of ammonium a minute precipitate of oxalate of calcium wu 
observed. On adding caustic potash to the powdered ftono ammonia 
I 30761. 
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(o be turned to the left in nrder that ym\ may look thi 
you do for the «cro point. 

The polariaation of bodies changes very much according to tlie he« 
which they undei^o. If dextrose is not heated it turns to aboo 
116° of the eii-cle, but when it is boiled once, or liealed (o near thd 
boiling point, it only turns to 54°. Thw is the diatinguishing property or" 
of dextrose. Levulose, which turns to the left, does not show this rhango 
by heating. Now when these two varieties of sugar are present iu wine, 
or in any artificial produce such as that which c«n be maile by sulphuric 
acid from starch or cane sugar, the optical effect of the one hides tha ■ 
optical effect of the other if they are present in equal tilomic propa^ ■ 
tions. If they axa not present in equal atomic proportions then the oH I 
hides only a certain quantity of the other, and the optical effect is ihit \ 
only a portion of that which ia in excess is perceived. For tbiB reMoo, 
that the levulose reverts, ba it .were, the polarization of the dextrose, the 
mixture has been called *' invert sugar," or ■' suore intarverii," which it 
the French name. 

We can in one instant produce the invert sugar by iveiry interesting 
experiment. This has been known since the year 1813, but it hu 
been completely forgotten in all the discussions which have taken 
place as to the nature of yeast. Wo will take two parts of common 
white sugar, or cane sugar of the formula Q-„ HnOii, and mix them 
with one part of dry solid, so-called German yeasL The quantity 
of water which may be present in this yeaat must be very small. 
It ia hard, well-pressed yeast, and it does not even wet the paper 
in which it is contiiiued. If we press the paper, and however much 
we press it, there is no mark of water upon it. We take a quantity 
of this, which we have detached fjom the lump, and weigh it off. 
We mis with that the double quantity of sugar by stirring them in a 
mortar. As if by magio the sugar is transformed into a syrup, the 
transformation of cane sugar into invert sugar is completed. I keep in the 
laboratory a quantity which I have made some time ago, and it is still a 
flowing liquid mass, a synip. Xow, when this is allowed to stand for 
only a very short time the proof that it is inverted sugar can be easily 
afforded. Cane sugar when treated with Fehling's solution does not 
give the reaction which consists in the reduction of the oxyide of copper 
contained in that solution. We will take a little of the CJmc sngar, and 
pat it into this tube with a little of Fehling's solution. This consists of 
sulphate of copper to which some tartaric acid has been added, and the 
mixture has afterwards been made alkaline by the addition of an exces* 
of caustic potash. Now when we hent this we obtain no rednctlon of 
the oxide of copper. The oxide of copper remains perfectly clear in 
the alkaline blue solution, but the moment we take a little of this inverted 
sugar, produced by the effect of yeast upon cane sugar, we obtain the 
reduction of the oxide of copper, and it is depoBilod in the fonn of 
yellow hydratod suboxide of copper,- a sufficient proof that the cane 
sugar has actually been transformed into the inverted sugar. 

This is of the utmost importance, as directing the view which m 
may take of the nature of yeaat, I consider this a fundamental experi- 
ment, which speaks against the assnmption that the action of reast in 
producing fonnentattou is due to organic life action. 1 believe il 
entirely upsets that idea, inasmuch as the transformation is inslann- 
neous, and partakes of the nature of those actions which in cfaemi^tr; 
we are in the liabit of calling " contact actions." Moreover, it is vol 
necessary, in order to produce the transformation, thfit we should V* 
the yeaat itself. We con take a watery extract of yeast, and tbt" 
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extract of yeast will have the same effect, and almost in the same A^pxkdul 
manner. 

It is interesting to know that that kind of sugar which is excreted ^o« ^- . 
from the body in such large quantities in a particular disease is not 9|* ^!!*?jf 
this inverted sugar. Diabetic sugar consists mainly of grape or dextrose ofrnttau^ 
sugar. At present it is almost impossible to get any levulose at all out ^ Dr, * 
of diabetic urine, because it does not crystallize. It is a syrup, and by TTWtcAwn. 
no means in our power can we make it solid, but it remains a liquid like — — 
glycerine. During the process of fermentation^ on the other hand, we P^jbetic sugar 
perceive the quantity of left- turning sugar to prevail over the other. In ^ <^«**"*c- 
the beginning of fermentation there are two dextrose upon one levulose, ^^^^^ ^^''^ 
and at the end of fermentation there are two levulose upon one dextrose. JlJ^J^^i5to» 
In the various stages intermediate between the beginning and the end f^ra^ntatiof 
of fermentation these proportions vary. 

We are obliged to omit the consideration of other properties of these 
various sugars in order to come to their transformation. When the 
mixture of dextrose and levulose are subject to the action of yeast for 
any length of time, then a transformation takes place, which consists 
in the production of alcohol and other matters. Hitherto it was 
believed that sugar was directly transformed into nothing but alcohol, 
and carbonic acid : — 

^6 H,3 ©e = 2 (G, He O) 4- 2 (€0,) 

This was believed to be the formula of the breaking up of the whole 
sugar, but we have found now that it is very different, and that of 100 
parts of sugar only 94 pass into carbonic acid and alcohol, and that 

3 * 5 are transformed into glycerine, 
0*5 „ succinic acid, 

1 • 5 „ cellulose, 

•5 „ carbonic acid, 

in connexion with the glycerine and succinic acid. We have here, 
therefore, an important modification of our former ideas on the subject 
of fbrmentation. 

We will for an instant see what is the action of yeast under these Action of 
circumstances. We have seen that in the transformation of cane sugar y^^^- 
it is instantaneous, and that the presence of the yeast -cell is not neces- 
sary, but that an extract, something coming from the yeast-cell, will do 
it. It is similar in the case of the transformation of sugar into alcohol. 
Here^ however, the presence of the yeast cell is certainly necessary, but 
nevertheless the yeast-cell itself is not that which causes the transfor- 
mation. It is something which comes from the yeast-cell which causes 
the transformation. The yeast-cell is supposed to be a kind of fungus 
the individuals of which multiply by growth. 

Some suppose that these cells absorb the sugar, and then breaks Yeast celli. 
it up in its interior and gives out alcohol and water. But this is a 
process which we cannot for an instant assume, because there is no 
benefit to the yeast done in that, and moreover the action is too rapid. 
It does not stand in any proportion to the amount of matter which any 
plant, or any living body, can consume in any given time, and any 
quantity of yeast, even a small quantity, may transform so vast an 
amount of sugar, that it is inconceivable that that plant should have 
used this amount of sugar as physiological food. Be that how it may, 
the result of this process is the production of alcohoL 

Other sugars, mannite, dulcite, sorbine, lactose, including glycerhae, J^^ia sogar- 
cane sugar, starch, gum, and the dextrine which is found in the liver, or ^^^"^J^^^* 
so-called hepatine, yield alcohol undtr certain inflaence^ i.g.f wat«r, ' 



nd cheese, at a temperature sot exceeding 60". Alcohol, 
hy no means the exclusive product of levulose and dextn 
Ott^^mim/ °^^^' matlera also produce it in small quantities. There is also another' 
substance acetylene, G, H„ which may be diasolved in sulphuric acid, 
and if this is afterwards miKcd ivith waler and distilled alcohol passes 
over. This has given rise to the proposition, iliat for the futors 
a portion of the alcohol consomed by the public should be made bom 
coal gas, which contains a email quantity of this gas. Should that 
proposition be realised the public may be supplied with light and with 
spirit fi-om the same source. 

Alcohol, iu its isolated and dixllnct form, wba discovered aboi 
the 13th century, and it was named by the Arabian physii 
alcohol, that is, spirit. No doubt alcohol was known to the anw 
and it is not to bo supposed that the famous Pramnic wine, 
which Homer speaks, and which could be taken diluted with 
sures of water, and yet make a man drunk, was anything short of 
over-proof spirit. But the chemisDy of alcohol has only in thiscenttny 
been more clearly evolved. We have learned that alcohol 13 a hydrated 
oxide of a radical which wo call ethyl, and in that capacity is tbo 
representative of a series of bodiei' which are of the utmost importunes 
in organic and theoretical chemistry, namely, of the alcohols. Ethyllc, 
alcohol may be written thus : — 
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Absolute lUcoliol is a liquid. It is colourless, it has an agreeabi 
flavour, and bums when fire is set to it. It has also a burning tosli 
but the taslo of pure alcohol is very agreeable indeed, and this is quite. 
the reverse of what people ordinarily say, namely, that distilled alcohol 
has a nasty taste. It has a nasty taste, as ordinarily obtained, but this 
is due to the circumstance that certain products of decomposition ara 
mixed with it, which, however, can be entirely removed, as Dobereinor 
has shown, by passing the distilled alcohol dO times over animal chi 
coal. When it passes 50 times it is absolutely pure, aad has the cfaemii 
properties and taste described. 

Its specific gravity at siero is -8095. At 14, however, which 
ordinary temperature, it is '7982. It boils at 78 of the cent_ 
thermometer, under Ihe pressure of 760 millimetres of the baromet 
Even at the strongest cold, a temperature of — 100, it is only 
formed into a thick fluid, but it is not solidified at any temperature or 
by any means. It can bo burnt in a spirit lamp, and there comes little 
or no light from it. Alcohol attracts the moisture very rapidly, » 
quickly so that it may be compared to sulphurin acid in ita power of 
doing. With water it becomes warm and then contracts ; 49 * 8 volt 
of water, and S3 '7 volumes of alcohol, which if they mixed wil 
contraction would give 103 ■ 5, will contract so as to form 100. 

When wine is distilled at u moderate heat a mistui'e of alcohol and 
passes over which has about the foregoing composition, and thi 
is called brandy, but, whereas the art of distilling has become very mt 
greater of late yeai-s, tliis brandy is not manufactured any moret. 
fact, it is an important element in trade that the articles to be sold 
transported should be a* concentrated as possible. Why should 
brandy merchant in London carry three barrels from Moutpelier 
London when he can carry the same value of alcohol in two ? 1" 
qucntly the distiller transforms all his brandy into the strongest a 
namely, 60° over proof, and he does this by means of a particDl 
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^B adaptedstilL TbismtxIeisaowgeDerallyiuloptedbytLedii^lillersofalcoliol 
V in all the great brands-producing districts of Fiuace, Montpelier and 

Cognac in particular. There were last year 400,000 bogaheada of strong ^ CMtxiMi 
alcohol produced there, but the old method of produciug brandy ia jJtmificatiM 
almost out of uao. The new method, then, gives a very strong alcohol, qf Oitaut*, 
but it Etill contains some water. The chemiiit, therefore, in order h/ ^''• 

»to obtwn alcohol pare, avails himself of various processes for tho Tkudicktim. 
purpose of extracting it. The trade, who do it on a large scale, use uqj„ * 
burnt lime. Burnt lime is put into large vats, the alcohol is poured obuhiiag « 
over, and the pure alcohol comes olf, the water being retained in the centntedai 
lime. In the laboratory, however, we do it on a smaller scale, and use uibrdTOiu 
as a dehydrating ngeut the sulphate of copper. This salt is crystallised "l«"ioL 
with a certain amount of water, and then is blue, but when we heat it it 
loses the water and becomes while. By shaking a sufficient (juantity of 
this with strong alcohol the latter is made quite dry, and the copper salt 
becomes again blue or hydraled. We use this test also for the purpose 
of ascertaining whether the alcohol which we have been producing is 
anhydrous or not. If it be anhydrous the sulphate of copper will remain 
while ; if it contains water tho sulphate of copper will become blue. By 
means of large quantities of dehydrated sulphate of copper great 
ijuantities of dehydrated alcohol may be made. 

I Method of determining t/ie Quantity of Alcohol in FltiiiU.—Wheii Meibod of 

we have a mixture of alcohol and water we obtain the specific gravity ^***'^?^ 
by means of an instrument called the hydrometer. In water only this ^i^ol jn 
hydrometer would stand at 1,000, but the lighter tho fluid becomes the Quids. 
deeper it would sink, and in absolute alcohol it would sink to 798*2. If 
wo have a mixture of alcohol and water, and we will determine the 
quantity of alcohol contained in it by the use of this hydrometer, we 

tread the specific gravity, and from certain tables which we have we can 
tell the quontity per cent, by weight of alcohol contained in that fluid. 
Now this ia the scientific method of doing it. But the law of England Proof-flpirit 
in this respect is diflereut, and is distinguished from tho practice of all 
continental nations in this, that it assumes n diflerent standard, namely, 
a standard which is called " proof-spirit." By un Act of Porhament 
which was passed in the 56lh year of the' reign of George III. chapter 
160, in tho year 1816, it is enacted that the standard of all spirits upon 
which the eicise shall levy taxes is to be a mixture of alcohol and water 
which shall weigh 12, while the same volume of distilled water shall 
weigh 13, all at a temperature of 51" Falir. i or in the words of the 
Act ! " And whereas since the passing of the said Acts an hydrometer 
" called Sykes's hydrometer has with great care been completed, and 
" has, by proper experiments mode for that purpose, lieen ascertained 
" to denote as prooi-spirit that which ot tho temperature of 51 degrees 

I" by Fahrenheit's thermometer weighs exactly {^ parts of an equal 
" measure of distilled water." How has the Legislature, or the tra- History of 
dilions of this country, fallen upon this curious standm-d ? This is a " pr""'- ' 
veiy singular story to tell. Before science had anything to do with 
buying and selling, it was usual to lake a saucer and put a tittle gun-' 
powder in it, and then pour a little of the spirit which was to he tested 
over it. Then the spirit was set fire to and burned, and at the conclu- 
sion of tho combustion it was necessary that the gunpowder should nlso 
take fire. The spirit was called "proof" if it was sufflcieutly concen- 
trated to cause the gunpowder to biini ; for if the spirit contained so 
much water that at the end of the combustion the gunpowder was wet, 
then of course it did not bum. This, then, is the derivation of " proof- 
spirit," and according to this standard nearly all tho spirit used in this 
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Goantry is now bought and sold, Doubtlesii we shall in time conform to \ 
the method of other coualriea, to that nlso here a spirit shall be bought , 
, and BoU according to ita per-centage by weight in volnm^ 
, I have given a very explicit description of thia particular subst&nce, ' 
bocftusc I wish to go to tJie root of a certnin question which has ftr a ] 
longtime agitated (he learned, and partieularly physicians. Some years 
ago there was n great disciiBaion on the question : Ib alcohol food or 
phyaic? The great wonder waa that while hundred s of men talked 
about it, none ever dreamed of Betting to work to ascertain ihe solution 
of the qnestion, until it atruclt three French learned men /namely, Lallc- 
mand, Perrin, and Duroy (the flr§t one the lalo surgeon who died in the 
Mexican expedition), that they would invealigale the question whether 
i, alcohol when it was token into the body was actually bnmed up, as IJobig 
had Btated, or whether it was given out again unchanged. They caused a 
man who conld consume a great quiuility of alcohol to drink a certain 
quantity, and then they collected his urine, distilled it over, and to tJieir 
very great surprise they found that the alcohol reappeared in the urine. 
They conld bum it, they conld show its presence, and straightway they ran 
to the conclusion that alcohol is not food. They said, "Aleohot is taken 
" into the body and goen again out of the body; it is true wo have only 
" found a small quantity in the urine, but we must imagine that the luu^ 
" ihe skin, and the fivcea admit of a very much greatei' portion being 
" exhaled, ami therefore the fact that we have not found the w-liole iloet 
" not matter." In fact the qneetion of quantity hardly entered tbeir | 
minds. They had found alcohol, and they Btraightway weut to the con- 
clusion that the alcohol is entirely secreted, and ia a Btimulant and not 
a food. About two years ago this question engaged my attention, and J 
availed myself of an opportunity which I had of making an experiment 
on a large Hcalc. 44 bottles of wine were drunk by 33 men dnrmg six 
hoursof athletic sports, and their urine passed duringsixhonrswascol- 
lectod under my observation for analysis. It was then subjected to 24 
distillations, whereby with the ud of dehydration by copper sulphate a 
smaUquantity of alixiholwas obtained weighing ten grammes. ThenaroBe 
the remarkable question : In what proportion does the alcohol recovered 
stand to the alcohol consumed ? ami there we must again "be guided bj 
chemical analysis. The 44 bottles which werci drunk by the 33 mai 
contained 4,000 grammes of absolute alcohol, and tliere were, after dehj- 
dration, 10 grammes of alcohol obtained, the rest having been bnmed 
up in the system. Supposing that 10 grammes more passed out through 
the breath, ibe pores of the skin, &&, it would only give five grammes 
out of every thousand, or ^ per cent., as the quantity which was left 
unused by the system. We have, therefore, here a direct proof that out 
of the whole quantity of alcohol drank only a quarter per eoat. was 
excreted by the kidneys. 

Subsequently going I'urther, and in conjunction witli my friend. Dr. 
Dupre, lecturer on chemistry to the Weatmiusler Hospital, I made a 
great many smaller experiments iu order to prove that the above wa» 
not an exceptional fact but the actual and invariable rule. 

'b Ex-periment with Bordeatix Wine upon Sir Men. — Six young mvu 
consumed 256 fluid ounces of red Bordeaux wine, containing 11,018 
grains of absolute alcohol. The observation commenced at 1 o'clock 
p.m., and within an hour and a. half, duiiug which the men were 
engaged in sports and gymnastic exercises, four-flftba of the wiue bad 
been taken. All were more or loss affected, two very sti'ongly, which 
had not been the case iu the previous experiment. Their urine wa* 
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collected till 5 paxu^ and found to amount to 216 fluid ounces. It was Appemiux. 

four times distilled with the usual precautions. The final distillate 

amounted to 3 ox. The specific gravity of this distillate at 16 •6*' C. ^^^J ^• 

was 989 ' 1 6, and therefore contained 6 • 32 per cent, of absolute alcohol by i^f^^^ 

weight. A portion of the same distillatCi when oxydised by potassium ^^f 2>^^mw 
dichromate and sulphuric acid, gave an amount of acetic acid which bp Dr. 

was equiralent to six per cent, alcohol. Another portion of the distillate Thudkhum. 

tested in Greissler's vaporimeter gave an indication leading to 7 * 3 per 

cent, alcohol, which would indicate that there was a small quantity of a 
substance more yolatile than alcohol contained in the mixture. 

Absolute alcohol taken in 255 oz. of wine = 11,088 grains. 
„ „ obtained from 216 oz. of urine = 91 *03. 

Therefore of every 121 * 8 grains of alcohol taken 1 grain was reobtained 
from the urine. Of 100 absolute alcohol only 0*82, or a little more 
than four-fifths per cent, was recovered. 

In my experiment on the large scale we could not be sure whether Comparison of 
some very small quantity of the wine may not have been accidentally lost. *^? ^^ ^^re- 
But the foregoing experiment was minutely accurate in this respect. ^^*°^ expen- 
The quicker consumption in the second case may have made a difierence, 
for less alcohol passes into the urine in proportion as we drink it in smaller 
quantities and at longer intervals ; and I believe from further experi- 
ments that there is a limit, and that if we do not pass that limit no 
alcohol whatsoever, excepting the merest infinitesimal portion, passes 
into the urine, and that is 8, or 10, or ) 2 ounces of wine, namely, just 
that quantity which a reasonable man might drink with his dinner. 

Before continuing the account of the experiments on alcohol, I shall Mode of 

proceed to consider the manner in which it is isolated from organic *®°****°^ 
f;*^ » iM a alcohol from 

"^"^^®- organic fluids. 

We will, as a pattern-fluid, take urine, which we have examined most 

frequently ; but if it were necessary to analyse any other liquid of the ^ 
human body, lymph, or any serous liquids, or watery extracts from any 
organ, in case we wanted to investigate the distribution of alcohol 
in the tissues, we would apply the same process to those watery 
extracts. 

In the first instance we put them into a i*ctort, and add a small Distillation 
quantity of tannic acid. This tannic acid is very necessary in order ^^}^ tannic 
to prevent frothing. If we were to boil urine merely by itself without *^^ ' 
adding tannic acid, we would probably have bumping and frothing, 
and a small quantity of urine would pass over into the condenser, and 
we would lose our distillation. Having thus distilled the fluid once 
by itself, we proceed to re-distil it in order to remove from it any acid 
that may be present. We add a small quantity of caustic potash to Distillation 
the liquid, and after having given time for the reaction we proceed with caustic 
to distil it again. The effect of that process is that all the volatile *^^^i- 
acids are retained, while nothing but the alcohol and the ether present 
passes over. We have now already reduced the quantity of the fluid 
very much, and subject it now to a third distillation, this time with Distillation 
sulphuric acid, so that any volatile alkalies which may have been ^'^}^ sulphuric 
driven out in the first instance may not pass over but be retained. ^^^^' 
The third distillate, then, which is mostly only about one-eighth part 
of the original quantity, contains all the alcohol, no volatile acids, no 
volatile a&alies, and this produces a liquid which we now use for the 
test to be described. 

Alcohol when it is brought in contact with free chromic acid is so Chromic acid 

test for alcohol. 
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much heated that it takes tire, uud a kiud of explosion takes place ; but 
when we take a dilute soluiion of chromic acid, such as is produced bjr 
mixing dichromate of potA?h with sulphuric acid, we only obtain • 
slight reduction, tind that is indicated by a transformatioa of the red 
colour of our test into a green colour. The sulphate of oxide of 
chromium is formed instead of the acid. We generally take oue part 
of the dichromatc to 300 of the sulphuric acid. We must take care to 
mix the distillate with two-ports of eulphuric acid in the concentrated 
sUtto, so that for the test we have considerably concentrated liquids. 
If wo have not eoacentrated liquids we are liable to mise our test. 
we pour a little of this into the mixture so that it smka to the bottom, 
we perceive that where the one fluid touches the other there is a dee] 
green colour, and theu a ring of lighter green ; and even if we have a 
little as one-fourth or one-tenth of a grain of alcohol in half an onno 
of water, it will yet, by means of this test, be indicated. The test, there- 
fore, ia a very delicate one. Of course it is necessary that we should, 
before applying this test, have taken the precaution of distilling the 
fluiil three times, as above detailed, otherwise the test will be iallnciouB 
on account of the organic matters not being alcohol decomposing the 
ehromic acid in the ewan maimer as alcohol. 

The particulars of proceeding for determining alcohol in urine arQ 
the following : Test liquid, one part of dichi'oinate of potaah dissalve«{ 
in 300 parts of sulphuric acid, that is, the solution which has alrendy 
been described. If we make the reaction very nicely we can evea 
discover the one-hundredth part of a gi-ain of alcohol, but not in the 
quantity of lialf an ounce of fluid. Applied to the urine we need not 
generally take more than two ounces of m'ine. It is necessary that ti 
should save labour as much us possible in these operations which have, 
itilong researches, to bo often repeated, and therefore it Is well to 
know thut two ounces will be a tiufEcicut quantity to treat. Of that 
we distil off one-third under the precaution which I have mentioned as 
to tanuic acid. Then of the distillate we draw off again one-third, so 
that we have one-sixth of the original ; and of that again one-third, so 
that we have one-ninth of the original. During the operation of dis- 
tillation, if we waut to make quantitative researches it is necesasry 
that we should close the whole of our apparatus so as to be air-tigb(| 
and we should provide the receiver with a raercuiial valve. 

Normal urine when tested gives no reuetion for alcohol under any 
circumstances unless alcohol has previously been tutoa. If we add 
one-tenth grain of absolute alcohol to two ounces of uriue, and after- 
wards distil, we get a reaction very distinctly, which shows the great 
delicacy of the test. Only one eource of fallacy exJets with reganl 10 
it, and that is, that a small quantity of ether of some kind or other m^j 
be present, and that ether would, of course, in the process which wa 
shall have to consider presently, bo decomposed, and also be trausfonned 
into acetic acid and inerease it. It is possible, for example, when we 
drink Greek wines, which contain a great quantity of aldehyde, that a 
quantity of that passes into our urine. Tliero ia not much physiological 
value in that fact, but nevertheless it is to be considered. 

Now, then, we have a quantity of alcohol so obtained from utiue, 
and wo want to determine how much it is. The tenth of a grain of 
iJcohol in two ounces of water would not admit of any specific gravity 
determinalion. Il would not be possible to immerse any instrumenii or 
lo put that amall quantity ou a balance sufficiently line to determine 
that, and therefore it is necessary to take a somewhat circuitous hut 





BtUl a quite certain roule, and that is, we take ihc distillatca uad 
oxidise the alcoho! therein contained to acetic acid, and determine it 
by quantitative analyiiis, oi- 
BvenmiUceasaltof it. Alcohol 
diten not combine witli tuxy 
other body: vre cannot increase 
ita weight ; wc cannot retain 
it in any waj ; whereas acetic 
acid combines with many, and 
owing to this property the 
quantity of the acid can be 
very easily determined, even 
in solutions. Thlit is done in 
the following way ; We enclose 
the distillate witli a certain 
quantity of the dichromale an<l 
sulphuric acid mixture in a 
flask, and atop it air-tight with 
nn india-rubber stopper, and 
tie it down well by means of 
Avire. This bottle we now heal 
for two hours in a water-bath 
at a certain temperatui-e, never 
amounting to boiling. During 
that time the whole of the 
alcohol is transformed into 
acetic acid. Then when we 
have oxydiiied the alcohol wo 
have to distil that over, and 
for that purpose it is only 
neceseitry to distil the mixtuns 
down to one half in the same 
bath in which we have got the 
acetic acid. Wenowdetermioi- 
the acidity of our distillate by 
applying to it a caustic sodii 
solution, a so-called eiaiidard 
soliitiou, a solution of which 
we know the strength, and so 
asnennin the amount of acetic 
acid contained in the distillate. 
Accordiug to this plan the 
following esperimenls wei-c 
miide. The esperimeuts on 
the large scale mentioueil 
the isolation of the pure absolute 
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Appamiof for applying Standard Solutions. 
o made, but resulted in 
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Exprrinieiit with Rhine Wine upon a Man. — The subject of the '''^r*^?.™' 
experiment voided all urine at 10.30 a.m., and took 10 oz. of Hhuie wine *5"' '"""* 
containing 1 oz. by measure of absolute alcohol. While the urine passed 
at 10.30 had yielded no tests indicating the pi-esence of alcohol. 
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The urinB from 5.30 p.m. lo 9.30 B.m.uf tbe next day, 18 o 
woa distilled repeatedly until it tunouated at taat to ( oi. j it conlusaj 
no alcohol. 

When the tvactiiiDB which were yielded by the urine which contiuiM 
alooliol were compared to tbone of fluids containing a known 
alcohol, it wtu)oetimBtt.'d that kes than -^^ (one-teutb)of agroin of iUcoIk 
v/sA present iu >Ut. la thia ease, therefore, lees than f^tps of the alcohc 
taken apjK'iu'ecl in the urine. 

Exjieriment irilft Bed Bordeaux /fine upon a Man. — The lubjec 
emptied his bladder at 1 1 a.m., aud the urine was found lo be free fi 
fllcohoh He theti drank S oz. of red Bordeaux wine, cqntaining I o 
by measure of absolute alcohol. The urine passed at 12 o'clock (uooi 
. moaeured 5^ oz. and contained alcohol, but only the slightest trace, lea 
than ^ir of the whole taken. 2^ oz. passed at I p.m. ; 2 os. pas» 
at 2 ; 1 oz. passed at 3 ; 2 oz. passed nt 4 o'clock p.m., were all qui 
free from alcohol. 

Expcrintent with Bum upon a heaUkg Man. — The subject emptied tiuij 
bladder at 11 o'clock p.m., took 2 oz. of niia of almost proof slrengi", 
aud went to bed half an hour afterwards. All urine paased duriuji 
\'2 hours succeeding was collected, aud amounted to 13 oz. After tha' 
addition of A little sulphuric acid it was subjected to distillation and 6 
of distillate were obtained. This was made alkaline and ogatn distilled 
until 1^ ox. of distillate were obtained. This was again made alkaline 
and 1 oz. of lluid drawn off. Of this last fluid I cubic centimetre mixed 
with the chi'omic acid test gave only the slightest possible reduction, and 
that only after some time. In order to obtain an estimate of some kind 
of the quantity of alcohol contained in the 1 oz. last distillate, ] i 
centimetre of absolute alcohol was mixed with 3,000 CC. of water, 
cub. cent, of this mixture added to 1 cub. cent, of chromic acid test gave 
a strong reduction, and even ^ cub. cent, gave a alight effect, wbiclL 
became more marked on standing. We may therefore estimate that tho 
last distillate contained less thou 1 alcohol in 2.000 water, or 
loss than J of a groin. Consequently of the whole of the ftlcohol con-< 
aumed less than 7,,^th part reappeared in the excretion. 

The question of the analysis of urine in regard to alcohol is of (h« 
utmost practical importance in reference to the treatment of fever and 
acute diseaaea, in fact any diseases whatever. Of late years the prac- 
tice has arisen of treating diseases, particularly fevers, with lar^i 
quantities of alcohol. This practice was mainly introducetl hy the lata 
Dr. Todd, of King's College HospitaL In some c«6es there 30 and 40 
ounces of brandy were consumed by a single patient in 24 hour^ ttod 
according to the records which wci'e kept, those persons experienced 
disadvantage whatever A'om taking those enormous qunutitiea of olcohol. 
20 oiuces of absolute alcohol would kill any ordinary healthy person " 
he drank it in 24 hours, but with these fever putienta the higher t' 
fever the more alcohol could they consume, and apparently without 
disadTontago to themselves, but rather the coutrary. Now there 
of course, the question. What becomes of this alcohol? Is it excreted? 
Is it used merely as chloroform is, only lo produce aueestheeja, and 
does it then go away again or not 'i and Dr. l3upre therefore made ifat 
experiment here related. 
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ETperimentt with Wine and Brandy vpoti a cote of Typhus Fetvr. — 
The patient took 6 oz of. brandy daily, and on some days additionil j 
quantities of wine. 

First day of exp. — ToUl urme from 24 hours 20 o«.i distilled n 
acidi alkali and acid, an iu tbe experiment with nim. 1 oz. of final d 
tillale contained less than ^ groin of alcohol. 
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Second day. — 6 oz. of brandy and 18 J oz. of wine. The last distil- Apphtoix 
late of 1 o£. contained decidedly less than ^, a little more than ^ of a ^^^ ' 
grain of alcohol. ^^ Chemical 

Third day. — 6 oz. of brandy and 15^ oz. of wine. The last distil- ideiuificatkm 
late of 1 oz. contained less than ^ grain of alcohol of IHsttuet, 

Fourth day. — 6 oz. of brandy only. The final distillate from 620 h P^' 
cub. cent, of urine, amounting to 1 oz., contained less than J, a little more Tk udtchu m, 
than ^ of a grain of alcohol. 

Fifth day. — 6 oz. of brandy only. The last distillate from 630 cub. 
cent, of urine contained less than ^, a little more than -j^ of a grain of 
absolute alcohol. 

Sixth day. — 6 oz. of brandy only. The last distillate was oxydized 
by chromic acid, and the acetic acid produced was estimated; it indi- 
cated less than ^ grain of alcohol. 

Seventh day. — 6 oz. of brandy. The faeces were examined exactly Controlling 
like the urine, and less than -^jf grain of alcohol found to be present, experiment 
4 grain of alcohol was added to 18 oz. of water and distilled as the urine "P*"^ ^atcr. 
in the foregoing experiment. The last distillate of 1 oz. contained more 
than ^, only a little less than ^ grain of absolute alcohol. 

Now we see here the quantities of alcohol which proceed from the Conclusion, 
typhus body are not larger than those which would pass from an 
ordinary healthy person ; consequently it was quite clear that these 
enormous quantities of alcohol taken are consumed in the economy, are 
oxidised. Whether they are beneficially consumed or otherwise must 
remain for future research to determine ; but I have not the slightest 
doubt, from my own experience, that the giving to typhus patients con- 
siderable quantities of wines and alcoholic drinks, not concentrated, 
but refreshing, stimulating, good, well-tasting drinks, containing not 
much sugar, is one of the most beneficial things that can bo done. 

These researches might be multiplied. In fact they ought to be 
spread over a much larger number of cases. 

We will n^w consider, for a short time, the physiological efiects of Physiological 
alcohol, in order to make our case complete. It is found that alcohol, effects of 
when taken in large quantities, before it produces collapse and intoxica- *^^®**ol* 
tion lowers the temperature of the body considerably. Experiments 
have been made upon drunkards, or at least people who are in the 
habit of drinking a great deal, and getting what is popularly known 
as " mellow.** If we take such a man, and let him drink as much as Drankenness 
he can and likes, we find that his temperature when he is in that state ^™"i**h«* 
is considerably decreased, even by one or two degrees. In ordinary ix^^'^ ^"^ ^ 
persons who take the quantity of alcohol which I propose to make the 
standard, namely, two ounces in a given time, no lowering of the Moderate 
temperature takes place, but rather a slight increase, a quarter of a ^^v.o?warai 
degree or so, but not more. the l^y 

There are yet some reactions of alcohol which should bo mentioned, prggpfyinff 
A reaction of alcohol which we make use of is its property of power of 
attracting water, by means of which it precipitates albumen. When alcohol, 
we mix the alcohol with white of egg albumen is precipitated. For a 
time this precipitate is soluble in water, but after a certain time it is 
no longer so. The anatomical specimens which we have in our 
museums are all preserved in that way. The water is withdrawn from 
them by the alcohol, they are repeatedly steeped, and ultimately they 
are kept in alcohol almost unchangeable. Alcohol is also made use of ^}^ preserved 
for the preservation of many kinds of fruit, such as cherries. It is chenv^andT 
a very curious fact that the pulp of fruit has a very great power of 
retaining alcohol, so much so that in the making of wines in France it 
is very well known that there is more alcohol contained in the mure, 
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or t!ie residue of [he stsUcs, &nd tbe huak^ of the grapes, th&n tliere 
ia iu the wine which flowa out, and that it is neceu&ry to press the 
mure very strongly in order to obtun the iilcohol which is in the mixture 
of mure and wine. And so when we steep pear?, or apricots, or peaches, 
or any of those many fruits which are preserved iu France, we always 
find that they ntlract a large quantity of spirit, and the liquid which 
we preas out of the fruit itself is much stronger in. respect to alcohol 
Iban the liquid in which it ia suspended. Thus iu eatiog brandy 
cherries we eat more concentrated brandy than we would drink if we 
were to Orink the liquid in which they are kept. 

I will for a moment consider the large quantities of alcohol which 
nre consumed in tliia country. In England there are annually con- 
sumed many millions of barrels of beer. Wine is not comparatively 
much dcunk in this country, but brandy is in enormous quantities. Tbe 
lax upon alcohol as a whole realizeH more than 10,000,000/. of revenue, 
and we can see, therefore, that alcohol is drunk by almost the whole 
of the population, with no y^ry great exception. There is no doubt 
that by this practice of drinking alcohol in large quHuiitie», particu- 
larly what are called " raw spirits," many diseases nre engendered, and 
in London m particular a vast amount of the disease which shows 
itself in the hospitals is caused by the consnmption of enormous quan- 
tities of porter on the part of the labouring classes, which may range 
up to 16 pints a day. If we observe labourers at work, in building 
houses, for example, we sometimes sec them throughout the day 
drinking poi'tei' by the half pint or pint, and the potman comes round 
Irom the public-house every hour or half hour with I'resh supplies ; 
and this iudepandeutly of what the labourer will drink at the pubhc- 
house after hia work is over. These cases furnish the staple of pariiculav 
farniB of kidney diseiae ; and the habit of drinking laige quantities of 
Hpirits and beer is to be deprecated aa liighly dangerous and objec- 
tionable. But when from this the conclusion is drawn that alcohol 
ought altogether to be abandoned, and that we all ought »o do without 
any alcohol, I must say that that is one of the most overstrained pro- 
Ijositions that could l>e made. Alcohol, when we have worked and are 
fatigued, ix a great restorative and stimulant and food, and one of 
the greatest necessities of human life ; and perhaps thei'e has been no 
lime and no nation in which some kind of alcohol has not been used, 
and mostly in tbe lai^est number of cases beneficially. If we do not 
exaggerate the quantity which we introduce into our stomach wc will 
never have reason to fear that our kidneys will be damaged by (hat 
quantity of alcohol which will pass through them and be excreted. 
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Explanation op Plate T. 

The top spectrum represents the eontiuuous spectrum of the sun, with 
the main sun-lines indicated by Fraunhofer's letters. The dispersion is 
about equal to that of a sulphide of carbon prism of a refracting angle 
of 60 degrees. 

1. Hematocrystalline in the oxydised state, being the spectrum of 

arterial blood, plainly termed blood-spectrum. — (See p. 197.) 

2. Hematocrystalline in the reduced or deoxydised state, being spectrum 

of venous blood. — (See p. 198.) 

3. Acid hematine in ether or four-banded hematine spectrum.— -(See 

p. 201.) 

4. Acid hematine in alcohol, or five-banded hematine spectrum.-^(See 

p. 200.) 

5. Alkaline hematine in alcohol spectrum. — (See p. 202.) 

6. Reduced alkaline hematine in water spectrum. — (See p. 203.) 

7. Hematocrystalline changed by hydrothlon. — (See p. 199.) 

8. Solution of cruor treated with alcohol and caustic ammonia.— (See 

p. 200.) 

9. Acid sulphate of cruentine in water. (See p. 204.) 

10. Neutral cruentine sulphate in alcohol, or five-banded cruentine.— 
(See p. 206.) 
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Explanation of Flats IIL 

Solar spectrum with principal lines and letters. 

1. Stercorine in sulphuric acid. — (See p. 158.) 

2. Choleraic urocyanine in alcohol. — (See p. 248.) 

3. Choleraic urorubine in alcohol. — (See p. 248.) 

4. Vitelline or lecithine from yelks of eggs in sulphuric acid. — (See 

p. 161.) 

5. Cerebric acid and Pettenkofer's test. — (See p. 161.) 

6. Chromatophores of lobster ; alcoholic extract. — (See p. 191.) 

7. Red currant juice. — (See p. 191.) 

8. Green alcohol extract of red algsa growing on macerating diseased 

bone. — (See p. 191, where there is also a diagram of the spec- 
trum of the red algie themselves.) 

9. Alcohol extract of green cellular alga in lake of St. Thomas's Hos- 

pital.— (See p. 193.) 

10, Alcoholic solution of chlorophyll from grass.— (See p. 193.) 
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Explanation op Plate IV. 

Solar spectrum with principal lines and letters. 

1. Omicholine in ether. — (See p. 247.) 

2. Omicholic acid in ether. — (See p. 247.) 

3. Fluopittine in alcohol. — (See p. 214.) 

4. Cholonematine in ether. — (See p. 229.) 

5. Bovifuscopittine in alcohol. — (See p. 230.) 

6. Muscoprasine in alcohol.— (See p. 331.) 

7. Ethochlorine in ether.— (See p. 231.) 

8. Bile and Fettenkofer*s test.— (See p. 232.) 

9. Red feather of Cape Lory (Turacus albo-crystatus.) — (See p. 197, 

footnote.) 

10. Alkfdine solution of the pigment of the red feather of this bird. — 
(Seep. 197, footnote.) 
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Explanation of Plate V. 

Section of solar spectrum with lines and letters. 

Cs. — Spectrum of cssium ; 13 lines arc represented, of wLicli the red one, 
in the ultra-red heat region, is most remarkable and most difficult 
to observe. — (See p. 178.) 

Kb. — Rubidium. (See p. 178.) All ten lines are represented. In this 
and the caesium spectrum the continuous portion of light simi- 
lar to that which appears in the potassium spectrum has not been 
represented, in order to fully define the lines in yellow and green. 

K. — Potassium. Two bands, one red, one violet and portion of conti- 
nuous spectrum. A feeble red luminosity at a has been omitted. 
—(See p. 178.) 

Na. — Sodium. (See p. 177.) 

Li. — ^Lithium. (See p. 178.) 

Sr. — Sti*ontium. (See p. 179.) Its eight bands are all represented. 

Ca. — Calcium. (Sec p. 179.) Of the nine calcium bands only eight 
are represented. A feeble line close to one of the four narrow 
lines in the middle has been omitted. 

Ba. — ^Barium. (See p. 179.) Of the 15 barium lines only 11 have been 
represented, as being the best definable and easily seen with 
every good spectroscope. 

Tl.— Thallium. (See p. 180.) 

In. — Indium. (See p. 180.) Name derived fh>m its blue coloured vapour 
and blue and violet band. 



Explanation of Plate VI. 

Section of solar spectrum, lines and letters. 

Bo2 0a. — Boracic acid in Bunsen*s flame. Four bands in green and 
blue. 

Mn Cle — Manganese chloride. Four bands in green, a line in violet 

Di. — Didymium. Scries of 1 1 bands of diflcrent widtlis, situated in red, 
yellow, green, and blue. In solutions and crystals of didymium 
Halts these bands are seen as dark absorption bands. 

Er. — Erbium. Spectrum of a glowing bead of its earth. 

Cu. — Copper. Spectrum of copper chloride in Bunsen's flame. 

Ag. — Silver. Two principal bands of silver by electric spark ; the 
electric spectrum omitted. 

Fe. — ^Iron. Five bands of iron chloride, ajs evolved by arc in electric 
lantern. 

Ash. — Spectrum of ash of the human body,— (See p. 177.) 

Electric Brass. — Spectrum of the electric induction spark between 
brass poles. Metallic lines as much as possible omitted. 
Atmospheric and hydric lines. 

Coal gas.'^Spectrum of inner cone of coal gas burning fVom a Bunscn's 
burner, with blow pipe fixed in centre. 



Note to the Maps which illustrate Dr, Buchanan's Report. 

Thb object of these maps is to convey to the eye a general notion of the 

Position aiid boundaries or each district, and of its broad geological features, 
'hey have been printed from an electrotype plate of the Index Map of the 
Ordnance Survey, supplied by that Sun'ey. The district boundaries on the 
one map, and the geological lines on the other, have been obtained by photo- 
graphic reductions from larger maps, by Mr. J. B. Jordan, of the Mining Re- 
cord Office. The geologic^ lines, which have been engraved by Mr. J. W. 
L0W17, show with accuracy and considerable detail the distribution of the sur- 
hxstgeoXogj. The colounng has been done by Mr. W. Bone, the colourist of 
the Geological Survey. Mr. Whitaker has kindly superintended the prepara- 
tion of this map, using unpublished as well as published sheets of the Geological 
Survey* He and Mr. Tople;^ have added a very useful section, exhibiting the 
rebkfcion of the several formations to each other. 

The map of the Geological Survey that was actually employed in the pre- 
paration of the report measures, for the area here represented, about 110 by 
63 inches, or upwards of 40 square feet — a scale large enough to show particu- 
lar houses. It is evident that the little geological map here given does not pre- 
tend to famish any authority for the statements of the report ; and that from 
its scale many points cannot be demonstrated upon it. 

Thui (1 ) Narrow tracts of alluvium along streams are not shown. (2) Brick- 
earth is not separated from gravel. (3) The divisions of the Bagshot Beds are 
not given — they are of small moment. (4) The divisions of the Lower Greeiisand 
are not shown, and what is more important, (5) llie divisions of the Hastings 
Beds into sands and clavs is not made — ^these divisions are made in nature 
by no long and well-denned boundaries, but by veiy irregular and multitudi- 
nons lines which could not be exhibited on this smaU map. (6) Faults are not 
marked, and (7) Of the formations that are shown, very small detached patches 
are, firom the necessity of the case, omitted. 

What the geological map does profess to exhibit, viz., the distribution of 
the main formations, of the broader tracts of alluvium, and of the more im- 
portant surface coverings of gravel and the like, it exhibits in a very exact and 
rdiable way. Its only known inaccuracy is that, in a small area of the north- 
east of Kent, and again over a large tract in the neighbourhood of Chichester, 
there are certain gravels which are not shown by stippling. These gravels are 
only mapped in certain unpubUshed documents of toe Geological Sun^ey, and 
time dia not permit of their beinij^ copied, reduced, and engraved. But they 
hava all been carefully considered m the statements of the report. — G. B. 
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